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FOREWORD 

I n  a meeting he ld  
a t  Lewis  Research 
f u t u r e  work would 

w i t h  the  Lewis Technical  Manager on 21 J u l y  1964 
Center,  Cleveland, Ohio, i t  was decided t h a t  
be d i r e c t e d  away from the  u s e  of block anodes.  

T h i s  d e c i s i o n  n e c e s s i t a t e d  a small  change i n  the  planned t e c h n i c a l  
program on anode s t r u c t u r e s  which may no t  be adequate ly  r e f l e c t e d  
i n  the d i scuss ions  contained i n  t h i s  r e p o r t .  T h i s  new p lanning  
w i l l  be treated more f u l l y  i n  subsequent r e p o r t s .  
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SUMMARY N Y J  7 
Research on t h e  development of an ope ra t ing  dry t ape  u n i t  has 
cont inued t o  be concent ra ted  on improving t h e  performance of 
ca thodic  d ischarge  c h a r a c t e r i s t i c s  on s t a t i c  and moving t apes ;  
on e v a l u a t i n g  incapsu la t ion  ma te r i a l s ,  techniques,  and evapora- 
t i o n  r a t e  of i ncapsu la t ed  water and e l e c t r o l y t e s ;  and on designing 
an o p e r a t i n g  t a p e  u n i t .  

PHASE I. SINGLE COMPONENT CONFIGURATION DEVELOPMENT 

The energy output  ob ta ined  f r o m  t h e  n i t r o  compounds has been i n -  
c r eased  g r e a t l y  d u r i n g  t h i s  r epor t  per iod  a s  techniques f o r  p re -  
p a r i n g  t h e  tape  e l e c t r o d e  were improved and ope ra t ing  cond i t ions  
were optimized. 

P i c r i c  a c i d  was t h e  most  promising n i t r o  compound depo la r i ze r  
t e s t e d  both because o f  i t s  high energy capac i ty  and because of i t s  

disc.harged w F t h  62% e f f i c i e n c y  and 572 wi t t . -b s / lb  energy product ion 
a t  100 ma/in.2 i n  2M Mg(C104)Z and w i t h  up t o  50$ e f f i c i e n c y  i n  
2 M  A 1 C 1 3  a t  500 ma/in.2. 
s u p e r i o r  t o  t h e  o t h e r  n i t r o  compounds t e s t e d .  

current .  p f f i ~ i p ~ ~ x 7  at high c ~ p y e n t  dyrains. For e X Z q n 1  P n i  epic a c i d  FA-, Y-' 

Under these cond i t ions ,  p i c r i c  a c i d  was 

The h ighes t  energy ou tpu t s  of  n i t r o  compound d e p o l a r i z e r s  were ob- 
t a i n e d  under the  fol lowing condi t ions :  

D ep o l a r  i z  e r  : P i c r i c  a c i d  

Depolar izer  Loading: Optimized f o r  magnitude of 
c u r r e n t  d r a i n  

S u b s t r a t e  Carbon: Shawinigan Acetylene Black,  50$ 
compressed 

C arbon/Depolar  i z e r  
Rat io :  1/1 

E l e c t r o l y t e  : 2M A 1 C 1 3  

Anode: Expanded d g  f o i l  

The coulombic e f f i c i e n c y  of  the m-DNB/Mg couple  i n  2 M  MgC12 I n -  
c reased  from 8 t o  25% a s  t h e  p a r t i c l e  s i z e  o f  t he  m-DNB was 
reduced from 20W t o  48~. Fur ther  p a r t i c l e  s i z e  r e d u c t i o n  
produced no f u r t h e r  improvement i n  e f f i c i e n c y .  
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For weight minimization, low s u b s t r a t e  r a t i o s  a re  advantageous 
but ,  f o r  e f f i c i e n t  r e d u c t i o n  of the n i t r o  compounds, r a t i o s  i n  t h e  
range of 35 t o  50% s u b s t r a t e  w i l l  probably be r e q u i r e d .  

Shawinigan ace ty lene  b lack ,  50% compressed, was t h e  most s u i t a b l e  
carbon s u b s t r a t e  found. 

For aromatic  n i t r o  compounds, t h e  b e s t  s i n g l e  n e u t r a l  e l e c t r o l y t e  
found was 2M Mg(C104)2,and the  b e s t  s i n g l e  e l e c t r o l y t e  was 2M A 1 C 1 3 .  
Some advantage of Mg(C104)~ over A 1 C 1 3  l i e s  i n  the  lower co r ros ion  
r a t e  of Mg i n  Mg(C104)2. 
Mg( C104)2, providing b e t t e r  e l e c t r o d e  w e t t i n g  than  A 1 C 1 3  a lone ,  
were used t o  improve the  r educ t ion  e f f i c i e n c y  of t a p e s  w i t h  h igh  
load ings .  

Organic a c i d s  were incorpora ted  d i r e c t l y  i n t o  t h e  cathode c o a t i n g s  
t o  supply ac id  a t  t he  r e a c t i o n  s i t e  without  caus ing  c o r r o s i o n  o f  
t h e  Mg anode. 

F l e x i b l e  and mechanically s t ab le  c o a t i n g s  of d e p o l a r i z e r s  on Dynel 
t apes  were made by inco rpora t ing  s h o r t  Dynel f i b e r s  i n  t h e  cathode 
mixture .  Shrinking and cracking  of t h e  d r i e d  e l e c t r o d e  was e l imina-  
t e d  by t h e  f i b e r s .  The d i scha rge  r e p r o d u c i b i l i t y  was g r e a t l y  i m -  
proved by t h e  presence o f  t h e  f i b e r s  i n  the  cathode, and some i n -  
c r ease  i n  reduct ion  e f f i c i e n c y  of p i c r i c  a c i d  was obta ined  on t h e  
improved e l e c t r o d e .  The c o a t i n g  c o n s i s t e d  of a c e t y l e n e  black/  
d e p o l a r i z e r  ( u s u a l l y  1/1) mixed w i t h  about 6% Dynel f i b e r s  and 
bonded t o  t h e  se a r a t o r  w i t h  a water -so luble  adhesive (11% poly-  
v inylpyr ro l idone  P t h a t  a l s o  a c t e d  as  a n  e f f i c i e n t  w e t t i n g  agen t .  

E l e c t r o l y t e  mixtures  of A l C 1 3  and 

PHASE 11. DRY TAPE DESIGN 

Power spraying, i n v e s t i g a t e d  a s  t h e  f i rs t  of s e v e r a l  p o s s i b i l i t i e s  
f o r  t a p e  manufacture, has produced t h e  h i g h e s t  q u a l i t y  t apes  to 
d a t e .  Fur ther  s o p h i s t i c a t i o n  of t h e  equipment i s  planned.  

Plans are being made t o  e v a l u a t e  e x t r u s i o n  a s  a manufacturing method 
w i t h  subsequent r o l l i n g  o r  g r i n d i n g  t o  i n s u r e  a uniformly f l a t  s u r -  
f a c e .  

Extensive t e s t i n g  of moving t a p e s  on a breadboard device b u i l t  f o r  
t h i s  purpose has provided va luab le  information on  t h e  des ign  r e q u i r e -  
ments of an  operat ing tape  u n i t .  A s  a r e s u l t  of breadboard t e s t i n g ,  



in format ion  has  been obtained r ega rd ing  e l e c t r o l y t e  wet-out d-ata, 
c o l l e c t o r  head design, anode conf igura t ion ,  cathode-tape phys ica l  
c h a r a c t e r i s t i c s ,  and t ape  f e e d .  Most runs  have been q u a l i t a t i v e ,  
and improvements, where appropr ia te ,  have been made fo l lowing  each 
experiment .  
improved t apes  and a more s o p h i s t i c a t e d  t e s t i n g  se t -up  t o  permit  
f u r t h e r  e v a l u a t i o n  of l i m i t i n g  f a c t o r s .  

F u t u r e  p l a n s  c a l l  f o r  an  expanded c a p a b i l i t y  t o  provide 

PHASE 111. CONVERSION DEVICE DEVELOPMENT 

A p o r t a b l e  tape  d r i v e  u n i t ,  complete w i t h  a dummy tape,  was devised 
by modifying a commercial magnetic tape  r e c o r d e r .  The device was 
opera ted  w i t h  an e x t e r n a l  dc power source a p p l i e d  t o  a small  dc 
motor .  The moving incapsu la t ion  was punctured,  t h e  con ten t s  re- 
leased ,  and t h e  dummy t ape  wet ted.  
tes ted f o r  performance and e f f i c i e n c y  f o r  p a r a s i t i c  ope ra t ion .  

Magnesium a l l o y  and polystyrene foam have been s e l e c t e d  a s  l i g h t -  
weight, s t r u c t u r i l  naterials f o r  dry t ape  u n l t s .  

Commercial dc motors a r e  be ing  

v i  
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I. INTRODUCTION 

Under Cont rac t  NAS3-2777, t h e  f e a s i b i l i t y  of t h e  Dry Tape Concept 
was demonstrated us ing  a s i l v e r  peroxide -coated porous polypropylene 

c o l l e c t o r s  was a z i n c  block t h a t  a l s o  served a s  an anode. The 
e l e c t r o l y t e  was suppl ied  by a second tape  t h a t  contac ted  t h e  s i l v e r  
peroxide coa t ing .  

- t ape  drawn between two c u r r e n t  c o l l e c t o r s .  One of t h e s e  c u r r e n t  

The o b j e c t i v e s  of t h i s  con t inua t ion  of t h a t  program a r e  t o  develop 
t h e  fol lowing:  

1. Methods of e f f i c i e n t l y  u t i l i z i n g  high energy anodes and cathodes 
on t a p e s .  

2. A method of i nco rpora t ing  high energy couples  i n t o  a s i n g l e  t ape  
conf igu ra t ion .  

3. Methods of e l e c t r o l y t e  incapsu la t ion  and tape  a c t i v a t i o n .  

4 .  A weight-optimized tape  conversion device capable of supplying 
i t s  own power f o r  unattended s t a r t - s t o p  ope ra t ion .  

5. Methods of supplying mul t ip l e  c e l l  vo l t ages  from t h e  dry t a p e  
system. 

During t h e  f i r s t  q u a r t e r ,  expanded magnesium, g i v i n g  a c u r r e n t  d e n s i t y  
of 1000 ma/in.2 a t  a p o l a r i z a t i o n  of 0.2 v, was t e n t a t i v e l y  s e l e c t e d  
a s  t h e  b e s t  anode f o r  combined tape cons t ruc t ion .  Anode development 
was concent ra ted  on t h e  use of magnesium f o i l ,  p re s sed  powder, o r  
sprayed metal  forms. The p r e f e r r e d  method of e l e c t r o l y t e  supply was 
t h e  cont inuous f eed  of  macrocapsules of FEP Teflon,  Aclar ,  o r  aluminum- 
Mylar lamina te .  
a t t a i n e d ,  and a 6@ payload a f t e r  t h r e e  y e a r s '  s t o r a g e  appeared t o  be 
p o s s i b l e .  
was t e n t a t i v e l y  s e l e c t e d  a s  the  cathode a c t i v e  m a t e r i a l  f o r  t h e  com- 
p l e t e  t ape  system because of i t s  high d ischarge  r a t e .  P a r a s i t i c  opera-  
t i o n  of a breadboard dry tape  u n i t  was achieved, w i t h  t h e  d r i v e  moto r  
consuming about 10% of t h e  power output  w i t h  a 15% motor e f f i c i e n c y .  

I n i t i a l  e l e c t r o l y t e  payloads of g r e a t e r  than 8O$ were 

The organic  ox id i ze r ,  2,4,6-trichlorotriazinetrione (TCTT)* 

This  q u a r t e r ' s  work inc luded  a continued sea rch  f o r  high-energy cathode 
m a t e r i a l s  and t h e  s e l e c t i o n  of optimum cond i t ions  f o r  d i scha rg ing  w i t h  

* 0 Monsanto Company's brand of 2,4,6-trichlorotriazinetrione, ACL-85 , 
is  be ing  used i n  t h i s  work. The compound w i l l  be r e f e r r e d  t o  through- 
o u t  t h i s  r e p o r t  a s  TCTT. 

1 



bes t  p o s s i b l e  energy e f f i c i e n c i e s .  I n  a d d i t i o n  t o  t h e  a c t i v e  m a t e r i a l ,  
experimental  work was d i r e c t e d  toward s e l e c t i n g  t h e  b e s t  d e p o l a r i z e r  
p a r t i c l e  s i z e ,  s u b s t r a t e  carbon, carbon/depolar izer  r a t i o ,  and t h e  
b e s t  e l e c t r o l y t e  f o r  e f f i c i e n t  ca thodic  d i scha rges .  Cathodic  r educ t ions  
o f  d e p o l a r i z e r s  f o r  eva lua t ion  purposes were made under b o t h  s t a t i c  
cond i t ions  f o r  t h e  depolarizer/electrolyte/Mg c e l l  and under dynamic 
cond i t ions  w i t h  a breadboard t e s t i n g  dev ice ,  I n  a d d i t i o n  t o  i t s  u s e  
i n  eva lua t ing  cathode m a t e r i a l s ,  t h e  breadboard u n i t  was used t o  ob ta in  
information on mechanical design requirements  f o r  t h e  ope ra t ing  t a p e .  
A " f i rs t  generat ion" tape d r i v e  u n i t  was cons t ruc t ed  t o  e s t a b l i s h  de- 
s i g n  concepts f o r  t h e  moving tape ,  t h e  s t a r t - s t o p  mechanisms, and t h e  
p a r a s i t i c  d r i v e  u n i t .  Techniques o f  i n c a p s u l a t i n g  and r e l e a s i n g  e l e c -  
t r o l y t e  from t h e  moving tape  were developed, and t h e  pe rmeab i l i t y  of 
water  vapor through the  s e a l e d  p l a s t i c  capsules  was eva lua ted .  

., 
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11. PHASE I. SINGLE COMPONENT CONFIGURATION DEVELOPMENT 

A .  HIGH ENERGY CATHODE DEVELOPMENT 

1. Background 

The r e c e n t  i n t e r e s t  i n  organic  n i t r o  compounds a s  e lec t rochemica l  ox i -  
dants  ( d e p o l a r i z e r s )  stems from the f a c t  t h a t  n i t r o  compounds, because 
of t h e i r  low equ iva len t  weight,  have t h e o r e t i c a l  energy d e n s i t i e s  f a r  
h igher  t han  t h o s e  of inorganic  ca thodes .  For example, t h e  t h e o r e t i c a l  
energy d e n s i t y  of  t h e  m-dinitrobenzene (m-DNB) -Mg couple i s  es t imated  
t o  be 855 wat t -hr / lb  of r e a c t a n t s ,  i nc lud ing  the 8 moles of  water  
t h a t  a r e  consumed w i t h  every mole of m-DNB: 

C ~ H 4 ( N 0 2 ) 2  + 6Mg + 8 H 2 0  = C 6 H 4 ( N H 2 ) 2  + 6Mg(OH)2 

AFo = 740 kcal/mole; Eo = 2.67 v; Energy Densi ty  = 855 wa t t -h r / lb*  

The n i t r o  compounds a r e  known t o  be reduced w i t h  low e f f i c i e n c i e s  a t  
t h e  higher d ischarge  r a t e s  i n  d r y  c e l l  bobbins.  However, w e  expect  
t h a t  the compact t a p e  conf igu ra t ion  w i l l  g i v e  improved d ischarge  
c h a r a c t e r i s t i c s .  

The development program dur ing  t h i s  p e r i o d  was designed t o  opt imize t h e  
energy output  a t  the h ighes t  cu r ren t  d r a i n s  p o s s i b l e .  Most of t h e s e  
tests were run  i n  a simple s t a t i c  c e l l  t o  de f ine  the necessary cond i t ions  
f o r  optimum energy ou tpu t .  

2 .  Method 

a .  Experimental  Procedure 

The s imple p l a s t i c  sandwich c e l l  ho lder  (F igure  2, F i r s t  Q u a r t e r l y  
Report)  w i t h  a tape  a r e a  of  3 i n .2  and a grooved back on t h e  anode 
s i d e  was used f o r  t e s t i n g  under s t a t i c  cond i t ions .  The c e l l  was not  
submerged i n  e l e c t r o l y t e .  The sepa ra to r  and the charged t apes  were 
prewet w i t h  e l e c t r o l y t e ,  and t h e  tes t  c e l l  was p laced  on i t s  back w i t h  
t h e  Mg anode on top .  Voltages of t h e  f u l l  c e l l  Mg/e lec t ro ly te /n i t ro  
compound were measured. The Mg anode p o l a r i z e d  0.12 v a t  100 ma/in.2 
and 0.14 v a t  500 ma/in.2 i n  2M Mg(C104)~ when t e s t e d  i n  a submerged 
c e l l  ( F i r s t  Q u a r t e r l y  Repor t ) .  
f u l l - c e l l  f a i l u r e  up t o  500 ma/in.2 w i l l  be caused by cathode f a i l u r e  
( i R  l o s s e s  of f u l l  c e l l  a r e  a l s o  included i n  f u l l - c e l l  measurements).  
The c u r r e n t  c o l l e c t o r  f o r  t h e  cathode was e i t h e r  a carbon sheet o r  a 
plat inum f o i l .  

Under s i m i l a r  t es t  cond i t ions  t h e r e f o r e ,  

* Note: Energy d e n s i t y  i s  higher  i n  a c i d  e l e c t r o l y t e s .  
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b .  Tape Prepara t ion  ( S t a t i c  T e s t s )  

The cathode e l ec t rode  c o n s i s t e d  of a mixture  of carbon, d e p o l a r i z e r  
and ( i n  t h e  improved method) t h i n  f i b e r s  bonded t o  t he  s u r f a c e  of a 
nonwoven f a b r i c  by a water -so luble  b inde r .  The dry components were 
blended by mixing them l i g h t l y  w i t h  a g l a s s  mor ta r  and p e s t l e  u n t i l  
no d e p o l a r i z e r  was v i s i b l e ,  An aqueous s o l u t i o n  o f  b inde r  was added 
t o  t h e  dry  components and t h e  s l u r r y  mixed u n t i l  homogeneous. 
25 m l  o f  water volume was r e q u i r e d  f o r  4 g of 50/50 depolar izer /carbon 
mix) The s l u r r y  was loaded on t h e  tape  and l e v e l e d  t o  t h e  des i r ed  
th i ckness  w i t h  a Gardner b l ade .  The t e s t  samples were 3 i n .  by 1 i n .  
[ 3  i n  .“)cathode coa t s  depos i t ed  on a Dynel, Nylon or polypropylene t a p e .  
Nylon could no t  be used i n  s t r o n g  a c i d  because i t  was r e a d i l y  a t t a c k e d  

by a c i d  e l e c t r o l y t e . )  Most of t he  t a p e s  were allowed t o  d ry  a t  room 
temperature,  b u t  many of those  con ta in ing  o-DNB (which i s  s t ab le  and 
has a high melt ing p o i n t )  were d r i e d  a t  85°C. 

The v a r i o u s  b inders ,  t apes ,  and f i b r o u s  f i l l e r s  s t u d i e d  a r e  l i s t e d  
i n  T a b l e  A - 1  i n  t h e  Appendix. The formula t ion  f o r  each  tape  t h a t  was 
tes ted i s  g iven  i n  Table A - 2  i n  t h e  Appendix. S t a t i c  c e l l  tes ts  
(Table  1) ind ica t ed  t h a t  none of t h e  fol lowing candida te  b inde r s  i n t e r -  
f e r e d  w i t h  t h e  e lectrochemical  o u t p u t  of  t h e  va r ious  cathode-Mg couples .  
(Polyvinylacetate-polyvinyl a lcoho l  b inde r  was no t  s t ab le  i n  a c i d  
e l e c t r o l y t e s  . )  

(About 

3 .  Development o f  Mechanically S tab le ,  Coated Tapes 

The organic  depo la r i ze r s  do no t  conduct and t h e r e f o r e  must be mixed 
w i t h  a conducting subs t r a t e  on t h e  e l e c t r o d e .  The method of b inding  
s i l v e r  peroxide t o  the  tape  f a b r i c  t h a t  we developed l a s t  y e a r  gave 
e l e c t r o d e s  w i t h  these depolar izer -carbon mixtures  t h a t  could be t e s t e d  
i n  t h e  s t a t i c  c e l l  b u t  t h a t  had poor mechanical s t a b i l i t y .  

Most cathode mixtures  c o n s i s t e d  of a 1: 1 r a t i o  of depo1arizer:Shawinigan 
ace ty l ene  b lack ,  50% compressed. T h i s  carbon adsorbs a l a r g e  amount 
of  wa te r .  The coa t ings  on the  t apes ,  e s p e c i a l l y  t h e  t h i c k e r  ones, 
shrank on drying and developed c racks .  
when rewet ted  and t h i s  type coa ted  tape  was used i n  t h e  e a r l y  s t a t i c  
c e l l  t es t s .  

c o a t i n g s .  

The a d d i t i o n  of  s h o r t  (1/8- o r  1 / 4 i n . )  f i b e r s  t o  t he  cathode mixture  
e l imina ted  t h e  shr inking  and cracking  o f  t he  e l e c t r o d e s  on dry ing .  
The coated t apes  con ta in ing  about 6% by weight 1/4- o r  1/8-m., 
3-denier  Dynel f i b e r  or f i n e  g r a p h i t e  f i b e r s  were f l e x i b l e  and mechani- 
c a l l y  s t a b l e .  
11% po lyv iny lpyr ro l id ine )  was n o t  always s t rong ,  bu t  the  c o a t i n g  was 
se l f  - suppor t ing ,  

These c racks  f i l l e d  i n  w e l l  

(The water -so luble  b inde r s  used a l s o  a c t e d  a s  e f f e c t i v e  
e n t s  for the  n i t r o  compound/Shawinigan ace ty l ene  b lack  

The bond of t he  whole c o a t i n g  t o  t h e  t a p e  f a b r i c  ( w i t h  
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Table 1 

T e s t  Cathode System: 50/50 w t  r a t i o  d e p o l a r i z e r /  
ace ty lene  b l a c k  

E l e c t r o l y t e :  2 M  A 1 C 1 3  
Ease Tape: 3 m i l  Dynel 

Curren t  Density:  100 ma/in .2 

D e p  o l a  r i z e  r 

Type 

0-DNB 

o -DNB 

0-DNB 

o -DNB 

0-DNB 

P i c r i c  ,c i (  

P i c r i c  Acid 

P i c r i c  Acid 

rng/in? 

80 

74 

70 

62 

80 

83 

79 

68 

Binder 

Coulombic 
Ef  f i c  ienc  y 

t o  0.8 v o l t ,  $ 

N o n e  (p re s sed  powder) 50-55 

W P ,  5 w t - %  50-60 

G e l v a t o l  20-30, 5 wt -$  50-58 

Gantrez A N - 1 3 9 ,  5 w t - $  35-50 

Methocel HG, 5 w t - $  30-50 

None (pressed  powder) 55-60 
PVP ( 5  w t - $ )  + Dynel Fibers 50-60 
(1/4 i n .  & 1/8 i n . ,  5 w t - $ )  

Cyanamer P-26 (5 w t - $ )  + 45-50 
Dyne1 (1/8 i n . ,  5 w t - $ )  

5 



Inco rpora t ing  f i b e r s  i n  the  e l e c t r o d e s  g r e a t l y  improved t h e i r  re-  
p r o d u c i b i l i t y  on d ischarge  and made p o s s i b l e  t he  t e s t i n g  of t h e  
e l e c t r o d e s  under dynamic cond i t ions .  

Also, some inc rease  i n  t h e  r e d u c t i o n  e f f i c i e n c y  of p i c r i c  a c i d  was 
obta ined  on the  improved e l e c t r o d e .  However, no d i f f e r e n c e  i n  ac-  
t i v i t y  was found f o r  t h e  r e d u c t i o n  of 2 ,5-d in i t ro th iophene  on t h e  
two types of e l e c t r o d e s .  
b a s i c  e l e c t r o d e  wi thout  f i b e r s  are  v a l i d  where t h e  l e v e l  of a c t i v i t y  
of t h e  t o t a l  system i s  l i m i t e d  by some process  o t h e r  t h a n  t h e  phys i -  
c a l  c h a r a c t e r i z a t i c s  o f  t h e  cathode.  The i n c r e a s e  i n  ca thodic  d i s -  
charge e f f i c i e n c y  found f o r  t he  r e d u c t i o n  of p i c r i c  a c i d  w i t h  t h e  
improved f i b e r  e l e c t r o d e  i s  i l l u s t r a t e d  i n  Table  2 .  

T h i s  i n d i c a t e s  t h a t  tes t  r e s u l t s  w i t h  t h e  

4. Optimization of C e l l  Condi t ions for High Energy Output of  N i t r o  
Compounds on Tape Conf igura t ions  

a .  Comparison of D i f f e r e n t  N i t r o  Compounds a s  Depo la r i ze r s  

N i t r o  compounds w i t h  the  h ighes t  t h e o r e t i c a l  coulombic c a p a c i t i e s  
were chosen f o r  t e s t i n g .  Compounds w i t h  d i f f e r e n t  s t r u c t u r a l  and 
phys ica l  c h a r a c t e r i s t i c s  were inc luded .  Previous work by u s  ( r e f .  1) 
and o t h e r s  ( r e f .  2 )  w i t h  n i t r o  compounds a s  cathode materials i n  dry- 
c e l l  bobbin conf igura t ions  was used  as a basis  f o r  choosing these 
compounds. The range of d i f f e r e n t  t ypes  of compounds was kep t  broad, 
however, s i n c e  t h e  compound y i e l d i n g  t h e  h i g h e s t  energy output  on 
t h e  tape  conf igu ra t ion  may no t  be t h e  same a s  t h a t  g i v i n g  t h e  h i g h e s t  
ou tput  i n  dry  c e l l  bobbins.  These t h e o r e t i c a l  coulombic c a p a c i t i e s  
of t h e  organic  n i t r o  compounds t h a t  were tes ted a s  d e p o l a r i z e r s  a r e  
g iven  i n  Table  3. 

The d ischarge  o f  p i c r i c  a c i d  on t h e  improved f i b e r - t y p e  e l e c t r o d e  
i n  2M A 1 C 1 3  a t  d i f f e r e n t  c u r r e n t  d e n s i t i e s  i s  shown i n  F igure  1. The 
tape  loadings  of t hese  e l e c t r o d e s  are no t  opt imized.  
enclosed by the d o t t e d  l i n e s  of F igure  1 shows t h e  v a r i a t i o n s  i n  
dischargee a t  500 ma/ine2 on a range of t ape  load ings . )  
e f f i c i e n c y  of  95% was obta ined  a t  a very  low c u r r e n t  d r a i n  (16 ma/ine2)  
i n  2 M  A 1 C 1 3  f o r  a sample of p i c r i c  a c i d  c a t a l y z e d  by Pd .  

(The a r e a  

A r e d u c t i o n  

T h e  p o t e n t i a l  d r o p s  s t e a d i l y  on d i scha rg ing  p i c r i c  a c i d  i n  the s t a t i c  
t e s t .  Discharging t h e  moving tape w i l l  enable  u s  t o  o b t a i n  a cons t an t  
energy output  from t h i s  system o-Dinitrobenzene was t e s t ed  most 
e x t e n s i v e l y .  Its energy output  was improved du r ing  the  r e p o r t  pe r iod  
as t h e  c e l l  v a r i a b l e s  were optimized. The bes t  t es t s  f o r  o-DNJ3 on 
t h e  simple (no f i b e r )  e l e c t r o d e  d i d  no t  g ive  as  h igh  energy ou tpu t s  
as those  of p i c r i c  a c i d .  It i s  expected t h a t  energy ou tpu t  would 
be inc reased  somewhat by use of t he  f i b e r - t y p e  e l e c t r o d e  ( s e e  Sec t ion  
A - 3 )  
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Table 2 

EFFECT OF CATHODE FIBER CONTENT ON CATHODIC RE- 
DUCTIOX EFFICIENCIES GI? P I C R I C  ACID 

Cathode: Shawinigan B1ack:Picr ic  Acid (1:l) 

Anode : Magnesium 

E l e c t r o l y t e :  2 M  A 1 C 1 3  

Cur ren t  Densi ty:  500 ma/in.2 

Cathode Mixture 
Type 

N o  f iber  

Dyne1 f i b e r  

Graphi te  f i b e r  

3t 
A t  equ iva len t  tape  loadings 

Table 3 

Cathode Coulombic 
Eff ic iency*,  t o  0.8v, 5 

20-35 

38-42 

41-46 

COULOMBIC CAPACITIES OF ORGANIC DEPOLARIZERS 
Theore t i ca l  Coulom- 
b i c  E f f i c i e n c y  S p e c i a l  

Compound (amp-min/g) C h a r a c t e r i s t i c s  
2 ,4 ,5-Tr in i t ro to luene  

P i c r i c  a c i d  

l-Carboxymethyl-3,3,5,5,tetra- 

o-Dinitrobenzene 

2 , 5 -Din i t ro th iop  hene 
2,4-Dini t rothiophene 

n i t r o  p i p e r i d i n e  

3 ,6 -Din i t roph tha l i c  a c i d  

128 

125 

120 

115 

111 
111 

76 

7 

Very low s o l .  H20 

S l i g h t  water  s o l .  

-NO2 groups on s a t u r a t e d  
carbons 

- 
The n i t r o  group i n  t h e  
2,5-isomer i s  more 
a c t i v e  due t o  resonance 
i n t e r a c t i o n s  

Soluble  i n  water  
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The ca thodic  d ischarges  o f  these compounds unde r  d i  f f e r e n t  cnndit . ions 
of t a p e  loading,  e l e c t r o l y t e  type ,  c u r r e n t  dens i ty ,  and c a t a l y t i c  
t rea tment  a r e  subsequent ly  given i n  a series of f i g u r e s  and t a b l e s .  
Of a l l  t he  n i t r o  compounds t e s t ed ,  p i c r i c  a c i d  was t h e  most promising 
d e p o l a r i z e r  bo th  because of i t s  high energy capac i ty  and i t s  be t te r  
c u r r e n t  e f f i c i e n c y .  P i c r i c  ac id  was t h e  b e s t  when d ischarged  a t  
100 ma/cm2 i n  n e u t r a l  e l e c t r o l y t e  (F igu res  2 and 3 ) .  These charac-  
t e r i s t i c s  were somewhat be t te r  than  those  of o-DNB. P i c r i c  a c i d  
was a l s o  best i n  e f f i c i e n c y  and energy output  a t  500 rna/in." i n  a c i d i c  
e l e c t r o l y t e  (F igu re  4 ) .  Under t h e s e  cond i t ions ,  p i c r i c  a c i d  was 
markedly be t te r  than  o-DNB and the o t h e r  n i t r o  compounds t h a t  were 
tested, as shown i n  Table 4 .  
p i c r i c  a c i d  a t  c u r r e n t  d e n s i t i e s  from 16 t o  TOO ma/in.2 a r e  given i n -  
Table  5. 

Energy c a p a c i t i e s  of the  c e l l  Mg/2M A 1 C 1 3 /  

2 ,4 ,5-Tr in i t ro to luene  (TNT) would not  main ta in  0.8 v vs  Mg a t  500 ma/in.2 
i n  2M A 1 C 1 3  and was reduced a t  t h e  lowest  p o t e n t i a l s  of a l l  t he  de- 
p o l a r i z e r s  i n  2 M  Mg(C104)~ a t  100 ma/in.2 a s  shown i n  F igure  2 .  

s i z e  ( s e e  S e c t i m  A . 4 b ) .  

The 
epAergy ~12tpidt cf TNT s9nv-lA I uulu  hn uc i111p10ved ---- by usling a smaller p a r t i c l e  

1 -Carboxymethyl -3,3,5,5 -t e t r a n i  t r o p i p e r i  dine was almost c omp l e t  e l y  
i n a c t i v e  i n  the  a c i d  e l e c t r o l y t e ,  2M A l C 1 3 .  I ts d ischarge  i n  2M 
Mg(C104)2 was f l a t ,  b u t  both r educ t ion  e f f i c i e n c y  and d ischarge  po- 
t e n t i a l  were low, a s  shown i n  F i g u r e  3 .  

2,5-Dini t rothiophene was d ischar  ed a t  h igher  p o t e n t i a l s  t han  the  
2,4- isomer ( s e e  F igures  3 and 47 as would be expected from i t s  
s t r u c t u r e  ( t h e  n i t r o  group i n  the 5- p o s i t i o n  i s  made more r e a c t i v e  
t o  r e d u c t i o n  by the  e l e c t r o n  withdrawing e f f e c t  of the  n i t r o  group 
i n  the 2- p o s i t i o n ) .  Both isomers had f l a t  d i scharges  i n  2M M g ( C 1 0 4 ) 2  
a t  100 ma/in.2, b u t  e f f i c i e n c i e s  were low. The 2,4-  i somer  d i d  not  
main ta in  0.8 v vs  Mg i n  2M A l C 1 3  a t  500 ma/in.2. 

2 ,5-Dini t rothiophene was checked on f i b e r - t y p e  e l e c t r o d e  conf igura-  
t i o n s .  E f f i c i e n c i e s  of reduct ion  were the same on both  t s D e  e l e c -  
t rodes  i n  2 M  M g ( C 1 0 4 ) ~  a t  100 ma/in.2 (13%) and i n  2M A l C i j  a t  100 ma/ 
i n . 2  ( 3 8 $ ) ,  i n d i c a t i n g  t h a t  t h e  d e p o l a r i z e r  a c t i v i t y  and not  t h e  
l i m i t s  of the e l e c t r o d e  conf igu ra t ions  were measured on both  type 
e l e c t r o d e s .  

3 ,6 -Din i t roph tha l i c  a c i d  has the advantage of  having two e q u i v a l e n t s  
of a c i d  i n  i t s  molecule.  It i s  a l s o  very  s o l u b l e  i n  w a t e r .  It had 
a high p o t e n t i a l  i n  t h e  e a r l y  p a r t  of t h e  d ischarge  a t  100 ma/in.2 
i n  2 M  Mg(C104)~ (F igure  3),  b u t  d i d  not  main ta in  higher  c u r r e n t  d r a i n s  
w e l l .  I ts t h e o r e t i c a l  capac i ty  i s  low compared w i t h  t h a t  of p i c r i c  
a c i d  and i t  appears t o  o f f e r  no advantage t o  compensate f o r  t h i s .  

9 
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b. P a r t i c l e  S i z e  of Depolar izer  

The coulombic e f f i c i e n c y  of the m-DNB& couple  i n  2M MgC12 increased  
from 8 t o  25% a s  the p a r t i c l e  s i z e  o f  the m-DNB was reduced from 
200 t o  4 8 ~ ,  r e s p e c t i v e l y .  

Reduct ion of p a r t i c l e  s i z e  of o-DNB t o  48v, however, d i d  no t  i nc rease  
r e d u c t i o n  e f f i c i e n c y .  
TNT) were similar t o  t ha t  of o-DNB. 
s l i g h t l y  l a r g e r .  
ca thod ic  d ischarge  may be improved by p a r t i c l e  s i z e  r educ t ion .  How- 
ever ,  no f u r t h e r  tes ts  w i t h  TNT a r e  planned because o f  the s u p e r i o r  
h igh  energy output  of p i c r i c  ac id .  

P a r t i c l e  s i z e s  o f  o t h e r  d e p o l a r i z e r s  ( excep t  
The p a r t i c l e  s i z e  of TNT was 

Since TNT has  very  low s o l u b i l i t y  i n  water,  i t s  

c .  E l e c t r o l y t e s  

Our previous  work ( r e f .  1) w i t h  m-DNB a s  a cathode m a t e r i a l  included 
a s tudy  of va r ious  n e u t r a l  e l e c t r o l y t e s .  
of t h e  n e u t r a l  e l e c t r o l y t e s  determines i t s  e f f e c t i v e n e s s  b u t  r a t h e r  
a combination a s  l i s t e d  below: 

No s i n g l e  p h y s i c a l  p rope r ty  

(1) PH. 

( 2 )  S o l u b i l i t y  and pH of  base produced on r e a c t i o n  of 

( 3 )  S o l u b i l i t y  of n i t r o  compound i n  e l e c t r o l y t e .  

( 4 )  E f fec t iveness  of  e l e c t r o l y t e  t o  s a l t - i n  the  n i t r o  

e l e c t r o l y t e  w i t h  hydroxide ion .  

compound onto  the s u b s t r a t e  carbon. 

W e  have searched f o r  the fol lowing types  of e l e c t r o l y t e  systems f o r  
u s e  w i t h  the t ape  conf igu ra t ions :  

(1) The best n e u t r a l  e l e c t r o l y t e s  f o r  m-DNB, 

( 2 )  Acid e l e c t r o l y t e s  which a r e  compatible  w i t h  t h e  
Mg anode a t  l e a s t  f o r  s h o r t  p e r i o d s  of t i m e ,  

( 3 )  S o l i d  a c i d s  w i t h  l imi t ed  s o l u b i l i t y  f o r  i n c o r p o r a t i o n  
on the t ape  and use i n  combination w i t h  a n  aqueous 
e l e  c t r o l y t  e, and 

e l e c t r o l y t e s .  
( 4 )  Mixed e l e c t r o l y t e s  w i t h  advantages over s i n g l e  

Most of t h e  comparisons were made w i t h  0-DNB. A t a b u l a t i o n  of o-DNB 
cathode e f f i c i e n c i e s  when discharged i n  va r ious  e l e c t r o l y t e s  i s  
given i n  Table 6.  The best s ing le  n e u t r a l  e l e c t r o l y t e  found was 
2 M  Mg(C104)2, and t h e  best  s i n g l e  e l e c t r o l y t e  was 2M A l C 1 3 .  
e l e c t r o l y t e s  were t h e r e f o r e  used i n  subsequent t es t s  where o t h e r  
v a r i a b l e s  a f f e c t i n g  d ischarge  c h a r a c t e r i s t i c s  of  the n i t r o  compounds 
were s t u d i e d .  

These 



E l e c t r o l v t e  

Acid S a l t s  

2M A 1 C 1 3 *  

2M Th( NO3) 

Neut ra l  S a l t s  

Table 6 

EFFECT OF ELECTROLYTE ON CATHODIC 

DISCHARGE EFFICIENCY AT 100 ma/in2 

C e l l :  Mg/Electrolyte/o-DNB 

Carbon :Depolar izer  Reduction E f f i c i e n c y  
Ra t io  t o  0.8 v 

50 t 50 

50:50 

62 ( a t  200 ma/in2) 

29 

1 *5M N H 4 C 1 0 4  

1M MgBr2 s a t u r a t e d  
with Mg(OH)2 

* FeC13, ZnC1, and A 1 C 1 3  t IWqC1 mixture proved t o o  
c o r r o s i v e  t o  t h e  Mg anode for u s e .  

50:50 
33 : 6'7 

50~50 

33 : 67 

33:67 
50:50 

50: 50 

50:50 

50: 50 
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The e l e c t r o l y t e  s t u d i e s  were conducted w i t h  t he  b a s i c  (no  f i b e r )  type 
t a p e  ca thodes .  
were nbserved, t h e  mder  o f  e f f e c t i v e n e s s  sf t h e  elcctrelytes 1s n o t  
defined c l e a r l y .  However, t he  considerable  advantage of 2M A l C 1 3  
over o t h e r  e l e c t r o l y t e s  t e s t e d  i s  ev iden t .  Its s u p e r i o r i t y  a s  a n  
e l e c t r o l y t e  has  a l s o  been confirmed i n  t e s t s  w i t h  p i c r i c  a c i d  on t h e  
improved ( f i b e r  type)  t apes .  

The advantage of 2M Mg(C104)2 e l e c t r o l y t e  over 2M A N 1 3  l i e s  i n  the  
lower co r ros ion  r a t e  of Mg i n  Mg(C104)~.  Cathodic d ischarges  a r e  
be t t e r  i n  A l C 1 3 ,  b u t  Mg corrodes  i n  t h i s  h ighly  a c i d i c  s a l t  which 
hydrolyzes  i n  water  t o  g i v e  HC1.  

Where only s l i g h t  v a r i a t i o n s  i n  cathode performance 

The s e l e c t i o n  of the b e s t  e l e c t r o l y t e  f o r  the  d ry  t a p e  system w i l l  
be a compromise between cathode performance and anode a t t a c k .  

Two combinations o f  mixed e l e c t r o l y t e s  were t e s t e d  w i t h  p i c r i c  a c i d .  
A mixture  of Mg(C104)~ w i t h  A l C 1 3  was used t o  improve the  ease  o f  
w e t t i n g  of t h e  e l e c t r o d e s .  (Elec t rodes  were wet more r e a d i l y  i n  
2M Mg(C104) than  i n  2M A l C 1 3 . 1  The mixed e l e c t r o l y t e ,  1 . 6 ~  A 1 C 1 3  
and O.&i ?v?g?21G4)2 Lmproved t h e  r educ t ion  e f f i c i e n c y  of o-Db3 on 
t a p e s  w i t h  h igh loadings  as  shown i n  Table 7. These t a p e s  have ex- 
t remely high loadings  of depo la r i ze r ,  and t h e  e f f e c t i v e n e s s  of wet t ing  
t h e  e l e c t r o d e  i s  most c r i t i c a l .  
of o-DNB i n  2M A 1 C 1 3  a t  lower loadings a t  200 ma/in." i s  62% (see 
Table  4 ) .  
system w i t h  p i c r i c  a c i d .  

(Note t h a t  t h e  r educ t ion  e f f i c i e n c y  

We w i l l  r e tes t  t h i s  e l e c t r o l y t e  combination i n  t h e  f i n a l  

A mixture  of 2M A 1 C 1 3  and 1 M  L i2Cr04  was t e s t e d  a s  an  e l e c t r o l y t e  
(Li2C1-04 i s  an i n h i b i t o r  f o r  Mg a t t a c k ) .  However, t h e  chromate was 
reduced a t  more p o s i t i v e  p o t e n t i a l s  than  t h e  n i t r o  compounds, o-DNB 
and p i c r i c  a c i d .  I n  add i t ion ,  e i ther  the  chromate o r  i t s  r educ t ion  
p roduc t s  i n h i b i t e d  discharge o f  the n i t r o  compounds even a f t e r  t h e  
chromate adsorbed on t h e  e l e c t r o d e  was consumed, a s  shown by Table 8. 

Organic a c i d s  were incorpora ted  d i r e c t l y  i n t o  the  cathode coa t ing  t o  
supply a c i d  a t  t h e  r e a c t i o n  s i t e  without  causing c o r r o s i o n  o f  t h e  
Mg anode. 
o f  o-DNB by inco rpora t ion  of oxa l i c  a c i d  i n  t h e  t ape  were not  success-  
f u l .  However, i nco rpora t ion  o f  s o l i d  a c i d  ( e q u a l  weights s u c c i n i c  
a c i d  w i t h  p i c r i c  a c i d )  i n  t h e  new type f i b e r  e l e c t r o d e  gave i n c r e a s e s  
i n  b o t h  discharge p o t e n t i a l  and reduct ion  e f f i c i e n c y  i n  2M A l C 1 3  as 
shown i n  Figure 5 f o r  low c u r r e n t  d e n s i t i e s .  
improvement i n  r educ t ion  e f f i c i e n c y  was obtained i n  2M A l C 1 3 .  . It i s  

I n i t i a l  a t tempts  t o  improve d ischarge  i n  n e u t r a l  e l e c t r o l y t e s  

A t  500 ma/in.2, (Figure 6 )  

[Note:  
c a t i o n  of e l e c t r o d e  P b o t h  p i c r i c  a c i d  and s u c c i n i c  a c i d  have s l i g h t  
s o l u b i l i t y  i n  wa te r .  A t ape  made i n  the same way a s  those  used i n  t h e  
c e l l  tests was analyzed t o  conta in  89.3% of t h e  s u c c i n i c  a c i d  charged. 
Cor rec t ion  of e f f i c i e n c i e s  f o r  t h i s  l o s s  g ives  47.8% e f f i c i e n c y  a t  
500 ma/in.2 and 75.B a t  100 ma/in.2).]  

The p l o t s  re  r e s e n t  d a t a  assuming no l o s s  o f  r eagen t s  on f a b r i -  

17 



Table 7 

EFFECT OF ELECTROLYTE ON CATHODIC DISCHARGE EFFICIENCY 
AT 200 MA/CM2 

C e l l :  Mg/Electrolyte/o-DNB 

Reduction 
o -DNB E f f i c i e n c y  

E l e c t r o l y t e  g / in .  t o  0.8 v, % 

2M Mg(C104)2 0.125 26.4 

1 . 6 ~  A l C 1 3 ;  0.4M M g ( C 1 0 4 ) ~  0.128 49.9 
0.129 49.5 

2M A l C 1 3  0.111 33.0 

Table 8 

CELL DISCHARGES I N  2M A l C 1 3  + 1 M  L i Z C r O 4  

Cathode Mater ia l  

None 

P i c r i c  Acid 

P i c r i c  Acid 

o -Dini trobenzene 

E f f i c i e n c y  
Curren t  of Reduction Amp -min 
Densi ty  Based on Cathode t o  0 .8  v 
ma/in . Material only,  % v s  Mg 

100 - 2 .5  

500 20* 2 .5  

100 54 3.2 

500 20 2.5 

* 
Normal va lue  i n  2M A 1 C 1 3  i s  4@ 
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p o s s i b l e  t h a t  an  a c i d  w i t h  s l i g h t l y  h igher  water  s o l u b i l i t y  might be 
more e f f e c t i v e  a t  h igher  cu r ren t  d r a i n s .  Lower loadings  of a c i d  
w i l l  a l s o  be t e s t e d  s ince  t h e  high loadings  may g i v e  excess ive  I R  loss 
due t o  lower conduc t iv i ty  caused by the  organic  a c i d .  

d .  Carbon S u b s t r a t e s  

(1) Carbon Typ e 

The proper  carbon s u b s t r a t e  i s  r equ i r ed  f o r  e f f i c i e n t  d i scharge  o f  t h e  
n i t r o  compounds. It i s  no t  known s p e c i f i c a l l y  what p r o p e r t i e s  of t h e  
carbon determine i t s  s u i t a b i l i t y ;  high s u r f a c e  a rea ,  high adso rp t ion  of 
bo th  d e p o l a r i z e r  and water,  and good conduc t iv i ty  a r e  a l l  necessary 
b u t  a r e  appa ren t ly  n o t  the  only p r e r e q u i s i t e s .  

Severa l  d i f f e r e n t  t es of carbons were t e s t e d  w i t h  o-DNB. Shawinigan 
ace ty l ene  black,  5$compressed, a s  used  i n  dry  c e l l  bobbins w i t h  
organic  d e p o l a r i z e r s ,  was t h e  most  s u i t a b l e .  Data i n  Table 9 i l l u s -  
t r a t e  t h i s .  
lO@ comressed. black at. higher  c u r r e n t  d r a i n s  a s  shown i n  Table 1G. 
The lOO$ compressed b1ac.k has =I lower  water  adso rp t ion  czpac i ty  . 

Also, 50$ compressed Shawinigan b lack  i s  s u p e r i o r  t o  t he  

( 2 )  Carbon: Depolar izer  R a t i o  

For weight  minimizat ion,  low s u b s t r a t e  conten ts  a r e  advantageous,  of 
course,  b u t  f o r  e f f i c i e n t  r educ t ion  of the n i t r o  compounds, r a t i o s  i n  
t h e  range o f  35 t o  50% s u b s t r a t e  w i l l  probably be r e q u i r e d .  A t  low 
c u r r e n t  d r a i n s  smal le r  amounts o f  s u b s t r a t e  a r e  r e q u i r e d .  With the 
b a s i c  type (no  f i b e r )  e l ec t rodes ,  e f f i c i e n c i e s  of r e d u c t i o n  of t h r e e  
load ings  o f  o-DNB on carbon s u b s t r a t e s  a r e  g iven  i n  Table 11. 

Tes t s  i n  1M MgBr2 w i t h  1:l and 3:l r a t i o s  of C:o-DNB showed s l i g h t l y  
higher  e f f i c i e n c y  f o r  t h e  3 : l  r a t i o .  E f f i c i e n c i e s  of t h e  f i b e r  type 
e l e c t r o d e  a r e  a l s o  a f f e c t e d  by the  carbon a s  shown i n  Table 10. 

(3)  Depolar izer  Loading 

High loadings  of o-DNB and p i c r i c  a c i d  were necessary t o  ma in ta in  h igh  
c u r r e n t  d r a i n s  (e .g . ,  500 ma/in.2) on t h e  first b a s i c  t a p e s .  A t  low 
c u r r e n t  d e n s i t i e s ,  r educ t ion  e f f i c i e n c i e s  were s l i g h t l y  lower w i t h  
high d e p o l a r i z e r  loadings .  

Much h igher  c u r r e n t  d r a i n s  can be maintained w i t h  low loadings  on t h e  
improved f i b e r  t a p e s .  For example, a p i c r i c  a c i d  t ape  con ta in ing  
only 18 mg/in.2 of p i c r i c  a c i d  was reduced w i t h  47.5% e f f i c i e n c y  a t  
500 ma/in.2 i n  2 M  AlCl3. The e f f i c i e n c y  of  r e d u c t i o n  of t a p e s  w i t h  
low loadings  was h igher  than  t h a t  of those  w i t h  h igh  loadings ,  a s  
shown by Figure 7, b u t  t h e  average d ischarge  p o t e n t i a l  of the t apes  
w i t h  high loadings  was higher  i n  t h e  i n i t i a l  pa r t  of  t h e  d ischarge .  
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Table 10 

1 -  

EFFECT OF PICRIC ACID - CARBON RATIO ON 
CATHODIC REDUCTION EFFICIENCY 

C e l l  : 
Cathodes: F i b e r  Type 
Carbon: Shawinigan Black, 50$ compressed 

M g / 2 M  AlClz/o-DNB on S u b s t r a t e  

Carbon: Cathodic Reduction 
P i c r i c  Acid Ef f i c i ency  

Rat i o  a t  100 ma/in.2,  $ 

1:l 59.5 

C a t  hod i c R e  du c t ion  
E f f i c i e n c y  

a t  500 ma/in.2,  $ 

38, 42, 40 

* 106 Compressed Shawinigan Black 

Table 11 

EFFECT OF 0-DNB - CARBON RATIO ON 
CATHODIC REDUCTION EFFICIENCY 

C e l l :  Mg/2M Mg(C104)2/o-DNB on S u b s t r a t e  
Curren t  Densi ty:  100 m a / i n . 2  
Cathode Type: Bas i c  (No F i b e r )  
Carbon : Shawinigan Black, 50$ compressed 

Carbon: 

Ra t io  
0-DNB 

Cathodic Reduction 
E f f i c i e n c y ,  

% 

1 : 5  8 -9 

1:3 15-22 

1:l 20-50 
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The same observa t ions  can be made about the d ischarge  c h a r a c t e r i s t i c s  
of p i c r i c  a c i d  i n  2M Mg(C104j2 a t  300 ma/in.2, Figure 8. 
r e d u c t i o n  e f f i c i e n c y  d i d  not vary a s  much. T h i s  may be a r e s u l t  of 
t h e  s u p e r i o r  we t t ing  p r o p e r t i e s  of t h e  p e r c h l o r a t e  e l e c t r o l y t e  com- 
pared w i t h  those  o f  A 1 C 1 3 ,  a l lowing high-load t apes  t o  d ischarge  a t  
e f f i c i e n c i e s  comparable w i t h  l i g h t l y  loaded t a p e s .  

However, 

There i s  a l a r g e  weight advantage t o  be gained by the  u s e  of heavy 
t ape  load ings  i n  f i n a l  t a p e  system. A t  low tape  loadings,  the  
weight of t h e  t a p e  f a b r i c  f o r  the t o t a l  system is  a high percentage o f  
t o t a l  weight  as i l l u s t r a t e d  i n  Table 12. Therefore ,  we w i l l  a t t empt  
t o  improve the discharge e f f i c i e n c i e s  of the heav i ly  loaded t apes  
by more e f f e c t i v e  we t t ing  techniques.  For example, higher loadings  
of b inde r  (which i s ' a  we t t ing  agent and has  no t  adve r se ly  a f f e c t e d  
d ischarge  of p i c r i c  a c i d  even a t  t h e  high concen t r a t ion  of 29%) i n  
t h e  e l e c t r o d e  and the u s e  of the mixed e l e c t r o l y t e  A1C13-Mg(C104)2 
w i l l  be t r i e d  w i t h  high-load tapes .  

One a t tempt  t o  improve e f f i c i e n c y  of a high-load tape  by compressing 
t h e  e l e c t r o d e  (7000 l b / in .2 )  r e s u l t e d  i n  a decrease i n  e f f i c i e n c y .  

( 4 )  C a t a l y s t s  

Pal ladium appeared t o  c a t a l y z e  the d ischarge  of o-DNB i n  2M A l C 1 , .  
The best  t es t  r e s u l t  gave an inc rease  of 0.2 v i n  the d ischarge  
p o t e n t i a l  of o-DNB a t  200 ma/in.2 (F igu re  9) f o r  a 1.2$ loading  of 
Pd? C a t a l y s i s  was ev ident  i n  a d u p l i c a t e  t a p e  a t  low c u r r e n t  dens i -  
t i e s  but  was i n e f f e c t i v e  a t  500 ma/in.2. This  same cathode compo- 
s i t i o n  e x h i b i t e d  no c a t a l y t i c  e f f e c t  i n  2M M g ( C 1 0 4 ) ~ .  
formulat ion,  2.5% Pd prepared by chemical ly  reducing Pd on Shawinigan 
black by hydrazine e x h i b i t e d  only a minor c a t a l y t i c  e f f e c t  w i t h  
o-DNB i n  2 M  A 1 C 1 3  [F igu re  9). Simi la r ly ,  small  i n c r e a s e s  i n  d ischarge  
p o t e n t i a l  were obtained w i t h  p i c r i c  a c i d  a s  d e p o l a r i z e r .  Palladium 
has been r epor t ed  a s  a c a t a l y s t  for m-DNB i n  s u l f u r i c  a c i d  e l e c t r o l y t e  
( r e f .  3 ) .  

A l l  t e s t s  were run  w i t h  t he  bas i c  (no  f i b e r )  tape  e l e c t r o d e .  It i s  
p o s s i b l e  that  mechanical f a c t o r s  were c o n t r o l l i n g  t h e  d ischarge  and 
obscuring any c a t a l y t i c  e f f e c t .  Also, t h e  source of Pd c a t a l y s t  may 
be c r i t i c a l .  We w i l l  determine t h e  e f f e c t i v e n e s s  of Pd a s  c a t a l y s t  
on t h e  improved f iber  e l ec t rodes  dur ing  t h e  next  p e r i o d .  

Another c a t a l y s t  

5% Pd on carbon, Englehard I n d u s t r i e s ,  Inc . ,  Newark, New J e r s e y  * 
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P i c r i c  - .- Acid 
mg/in2 

18.0 

21.6 

46.7 

60.0 

59.7 

Carbon Depolar izer  Ra t io :  1:l 

Tape Fabr i c :  3 m i l  Dyne1 

T o t a l  weight coa ted  t a p e  T o t a l  weight c o n t r i -  
mg/in2 - b u t e d b y  t a p e  f a b r i c  $ 

70 35.6 
80 31.2 

140 17.8 

180 13.8 

270 

330 

8.9 

7.5 
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( 5 )  Temperature 

A 
---:-- 3c1.1ci3 of o-DtlB ca thodic  reduct ion  t e s t s  oi-1 t h e  b a s i c  type tapes 

was r u n  a t  va r ious  temperatures  t o  determine whether t h e  r educ t ion  
was l i m i t e d  k i n e t i c a l l y .  No improvement i n  discharge p o t e n t i a l  
was obtained on inc reas ing  t h e  temperature  from 2 4 O C  t o  40°C and 
then  t o  5 O C  i n  d i scharges  a t  100 ma/in.* i n  2M Mg(C104)2 ( s e e  
F igure  10 7 . Reduction e f f i c i e n c i e s  were s l i g h t l y  higher  a t  t h e  high 
temperatures  (Table  A - 1 ,  Appendix). 
w i t h  t h e  e a r l y  t apes ,  coa t ings  were t h i n ,  and i t  i s  thought  t h a t  t h e  
conclusions drawn from both  these  d a t a  and d a t a  obtained on the 
e f f e c t  of v a r i a t i o n  of s u b s t r a t e  composi t ion are  s t i l l  v a l i d ;  t h a t  
is, t h e  d ischarge  of  n i t r o  compounds i s  l i m i t e d  by complex mass 
t r a n s f e r  e f f e c t s .  

Although t h e s e  t e s t s  were r u n  

5. Future  Plans (Cathode Development) 

a .  Optimize energy outputs  of t h i c k ,  heav i ly  loaded t a p e s  
(e .g . ,  by improving w e t a b i l i t y )  . 

b .  Determine minimum e l e c t r o l y t e  requirements  f o r  e f f i c i e n t  
d i scharge  of p i c r i c  a c i d  t ape  e l e c t r o d e s .  

c .  Op t imize  energy output of t h e  p o s i t i v e  halogen compounds, 
TCTT, and hexachloromelamine . 
B. ELECTROLYTE INCAPSULATION 

1. Background 

The ope ra t ion  of t h e  d ry  tape  b a t t e r y  r e q u i r e s  the  supply of a s u f -  
f i c i e n t  q u a n t i t y  of e l e c t r o l y t e  t o  t h e  d ischarge  a r e a  f o r  e f f i c i e n t  
d i scharge .  D u r i n g  t h e  previous q u a r t e r ,  va r ious  methods of supplying 
e l e c t r o l y t e  i n  a s t o r a b l e  form o f  minimum weight compat ible  w i t h  
s t o p - s t a r t  ope ra t ion  were considered.  A macroincapsulat ion of dimen- 
s i o n s  s u i t a b l e  f o r  supply w i t h  tape  o r  on i t  o f f e r e d  a maximum 
i n  f l e x i b i l i t y  w i t h  a minimum weight.  Design cons ide ra t ions ,  s e l e c -  
t i o n  of thermoplas t ic  f i l m s  f o r  i n c a p s u l a t i o n ,  and capsule  f a b r i c a t i o n  
were d iscussed  i n  t h e  f i r s t  q u a r t e r l y  r e p o r t  and t e s t  r e s u l t s  were 
presented  on pre l iminary  incapsu la t ions .  A payload g r e a t e r  t han  60 
w t - $  a f t e r  t h r e e  yea r s  was est imated f o r  t h e  r e q u i r e d  i n c a p s u l a t i o n  
i f  a f i l m  pe rmeab i l i t y  of t h e  order  of 0.002 g-mm/24 hr-sq in.-cm H g  
could be obta ined  w i t h  a f i l m  th ickness  of about  2 m i l s .  

This  q u a r t e r ' s  work has d e a l t  p r imar i ly  wi th  t e s t i n g  o f  water  and 
aqueous e l e c t r o l y t e  incapsu la t ions  i n  thermoplas t ic  f i l m s  under 
va r ious  cond i t ions .  Methods of e l e c t r o l y t e  r e l e a s e  and d ispens ing  
have a l s o  been s t u d i e d .  Two methods o f  e l e c t r o l y t e  r e l e a s e  appear  
workable, one i n c o r p o r a t i n g  s l i t t i n g  of t h e  packet ,  t h e  o t h e r  i n -  
volving capsu lepunc tu re  by a sharp- toothed sp rocke t .  
devices  inco rpora t ing  t h e s e  two  methods of r e l e a s e  have been b u i l t .  

Dispensing 
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2.  Capaule Fabr i ca t ion  

A l l  capsules  have beenformedby thermal impulse s e a l i n g  on our 
modified S e n t i n e l  Model 1 2 - 1 2 A S  l abora tory  sealer. I n t e g r a l  seals 
of good s t r e n g t h  were obtained on a l l  m a t e r i a l s  after the proper  
s e a l i n g  condi t ions  had been e s t ab l i shed .  Both FEP and TFE types  
of Teflon sheet were sealed without  undue problems. The TFE Teflon 
sheet* was suppl ied w i t h  one sur face  treated t o  make it  heat bondable. 

I n  forming incapsu la t ions  from f i lm material, the f i l m  was first 
sealed down two sides and a t  one end t o  form a tube of the desired 
length.  The tube was then f i l l e d  w i t h  the desired l i q u i d  and heat 
sealed a t  one-inch i n t e r v a l s  from t h e  closed end t o  form a s t r i n g  
of packets .  When tubing was used as the  starting material, t h e  
tube  was sealed a t  one end, f i l l ed ,  and seals made a t  one-inch 
i n t e r v a l s .  

A narrow heat seal i s  d e s i r a b l e  t o  minimize reduct ion  of capsule  
payload due t o  seals. The upper head of t h e  heat s e a l i n g  u n i t  
was redesigned t c  reduce the clamping width from one i n .  t o  3/16-in. 
The seal wid th  was a l s o  reduced by u s i n g  1/16-in. wide  hea t ing  
r ibbon r a t h e r  than the 1/8-in. r ibbon o r i g i n a l l y  suppl ied .  Oc- 
c a s i o n a l  f a i lu re  of the th inne r  hea t ing  r ibbon has been minimized 
by lowering the  t ens ion  on the r ibbon p ropor t iona te ly .  A par t ia l  
c r o s s  s e c t i o n  of the  modified sealing head is  shown i n  Figure 11 
w i t h  the heads i n  the open pos i t i on .  

. 8.9 m i l  
Heating 
Ribbon 

FULL 
m m  

Figure 11. 

Removable Glass 
Teflon Shades 

Clamping Pads 

Cross Sec t ion  
* D i l e c t r i x  Corp., Farmingdale, 

of Modified Heat S e a l e r  Head 

L. I., N .  Y.  



The S e n t i n e l  Model 12-12AS sea le r  provides  c o n t r o l  of a wide range  
of s e a l i n g  v a r i a b l e s ,  a l lowing almost  any thermoplas t ic  f i l m  t o  
be heat sealed.  Jaw clamping p res su re ,  clamping t i m e ,  hea t  impulse 
time, and hea te r  vo l t age  can a l l  be v a r i e d  independent ly  t o  de t e r -  
mine t h e  cond i t ions  r equ i r ed  f o r  a p a r t i c u l a r  t ype  of f i l m .  

a c t u a l  volume 
8 = c a l c u l a t e d  volume 

F i n a l  i ncapsu la t ion  manufacture from t h e  t e n t a t i v e l y  se l ec t ed  Kel-F 
81 tubing  can be r e a d i l y  accomplished i n  t he  l eng ths  r equ i r ed  w i t h  
our  p r e s e n t  equipment. 
by shor t - te rm ( 2 - 3  days)  measurement of weight l o s s  i n  vacuum a t  39°C. 
A de fec t ive  incapsula t ion  can be de t ec t ed  by t h i s  t e s t .  

F in ished  i n c a p s u l a t i o n  w i l l  be r a p i d l y  tes ted 

3. Macrocapsule Design 
2 An e l e c t r o l y t e  requirement  o f  200 mg/in. 

p rev ious ly  as a bas i s  f o r  designing a macroincapsulat ion system. An 
incapsu la t ion  i n  Kel-F 81 th in-wal l  tub ing  has  been t e n t a t i v e l y  se-' 
l e c t e d  as the  bes t  means of supplying e l e c t r o l y t e .  To supply the  
q u a n t i t y  of e l e c t r o l y t e  r equ i r ed ,  t h e  tub ing  must be s i z e d  t o  t h e  
t ape  dimensions, loading ,  and number of t apes  t o  be supp l i ed .  To 
cover  t he  a n t i c i p a t e d  range of e l e c t r o l y t e  requirements  and t o  a l -  
low r a p i d  es t imat ion  of  payloads f o r  des ign  purposes ,  t h e  volumetr ic  
capac i ty  and payload of va r ious  tub ing  s i z e s  should be known. The 
volumetr ic  capac i ty  of  a tube  i s  e a s i l y  c a l c u l a t e d  from i t s  dimen- 
s i o n s .  To allow f o r  t h e  reduct ion  of this capac i ty  due t o  heat 
seals,  payloads were determined experimental ly  on f i n i s h e d  packets  
made from s e v e r a l  s izes  of t ub ing .  Using these  da ta ,  a squash 
f a c t o r "  was ca l cu la t ed  f o r  each s i z e  tube  where the  "squash f a c t o r " ,  
6 ,  i s  the  r a t i o  of t h e  experimental ly  determined volume t o  t h e  c a l -  
cu la t ed  volume of  t h e  tube .  A s  would be expected,  13 decreases  a s  
t h e  t u b e  s i z e  inc reases ,  a s  shown i n  F igure  12 .  

of t a p e  has been used  

I t  

Figure 1 2 .  Reduction i n  Capaci ty  of Kel-F 81 Tubing 
Due t o  Heat S e a l s  
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The squash f a c t o r  w i l l  a l s o  vary w i t h  w a l l  t h i ckness  and type of ma- 

th i ckness  and m a t e r i a l  s e l e c t i o n  has been made. The c a l c u l a t e d  pay- 
load  and capac i ty  f o r  tub ing  covering t h e  es t imated  range of e l e c -  
t r o l y t e  requirements  i s  shown i n  F igure  13: Experimental  payloads 
a r e  shown f o r  comparison. 

l--,_. bcL.Lal , 'out tilese v-ayiatioi-,s siio.Uld iiot be iIfipurtaiit siiice a - w a i l  

- The e f f e c t s  of wal l  t h i ckness  and f i l m  d e n s i t y  parameters  on payload 
a r e  r e a d i l y  apparent  i n  F igure  13. I n i t i a l  payloads and tub ing  s izes  
f o r  a s p e c i f i e d  e l e c t r o l y t e  requirement can r e a d i l y  be obtained by 
r e f e r e n c e  t o  F igures  12 and 13. Other f a c t o r s  needed t o  complete t h e  
i n c a p s u l a t i o n  s p e c i f i c a t i o n  a r e  f i l m  p e r m e a b i l i t i e s  ( i  .e.  , l o s s  r a t e s )  
and e l e c t r o l y t e  r e l e a s e  e f f i c i e n c y .  Experimental  r e s u l t s  on l o s s  
r a t e s  o f  e l e c t r o l y t e s  f rom capsules  under va r ious  cond i t ions  a r e  de-  
t a i l e d  i n  Sec t ion  B-6c. 
c a t e s  t h a t  a t  l e a s t  90% of t h e  incapsula ted  e l e c t r o l y t e  can be t r a n s -  
f e r r e d  t o  t he  t a p e .  

Prel iminary work on e l e c t r o l y t e  r e l e a s e  i n d i -  

Cathode t apes  prepared t o  da t e  have r e q u i r e d  from 0.15 t o  0 . 3  ml/in.* 
of' e l e c t r o l y t e  for good wet-out.  It i s  hoped t o  reduce t h i s  t o  0.1 t o  
0 .2  ml/in.' by some means of e l e c t r o l y t e  conserva t ion .  Designs for 
m u l t i p l e  t ape  ope ra t ion  i n d i c a t e  t h e  use of e i t h e r  two t apes  o r  f o u r  
t a p e s .  It i s  a n t i c i p a t e d  t h a t  two t a p e s  can be suppl ied  w i t h  e l e c t r o l y t e  
e f f i c i e n t l y  from a s i n g l e  incapsu la t ion .  T h i s  would then r e q u i r e  
supplying about 0.2 t o  0 . 4  ml / in .2  of i n c a p s u l a t i o n  f o r  a one-inch 
wide t a p e .  Wider t a p e s  w i l l  r equ i r e  a p r o p o r t i o n a t e l y  l a r g e r  supply.  
Our t e n t a t i v e  i n c a p s u l a t i o n  s e l e c t i o n  w i l l  accomplish t h i s  supply w i t h  
a payload g r e a t e r  than  80 w t - $ .  

4 .  E l e c t r o l v t e  Release 

The e l e c t r o l y t e  m u s t  be r e l eased  from t h e  i n c a p s u l a t i o n  and d i s t r i b u t e d  
t o  t h e  dry tape p r i o r  t o  t h e  movement o f  t he  tape  through t h e  c o l l e c t o r  
a r e a .  The time r equ i r ed  f o r  adequate d i s t r i b u t i o n  and w e t - o u t  w i l l  
vary w i t h  t h e  na tu re  of t h e  tape  and e l e c t r o l y t e .  Tapes w i t h  good 
d ischarge  c h a r a c t e r i s t i c s  have had wet-out t i m e s  o f  less than one minute.  
It has a l s o  been noted t h a t  e l e c t r o l y t e  d i s t r i b u t i o n  i s  adequately 
achieved by the  f i b r o u s  t a p e  base m a t e r i a l  when t h e  e l e c t r o l y t e  i s  f ed  
t o  t he  uncoated s i d e  of t h e  cathode t a p e .  

With t h e s e  cons ide ra t ions  i n  mind, r e l e a s e  methods a p p l i c a b l e  t o  the  
t e n t a t i v e  i n c a p s u l a t i o n  s e l e c t i o n  of Kel-F tub ing  have been i n v e s t i -  
ga ted .  A number of t h e  methods incorpora ted  i n  a c o l l e c t o r  head 
a r e  i l l u s t r a t e d  i n  Figure 14. E a r l i e r  t e s t s  on one method, s l i t t i n g  
by a s t a i n l e s s  s t e e l  b lade  followed by squeeze- ro l l ing ,  were c a r r i e d  
o u t  w i t h  a r a t h e r  f l a t  packet  of 2-mil po lye thylene  f i l m .  The t e s t  
r e s u l t s  were encouraging, showing both  a low p u l l i n g  f o r c e  r e q u i r e d  
and over 90% t r a n s f e r  of t h e  incapsula ted  l i q u i d  t o  a dummy t a p e .  

* I n  Table 1 of Q u a r t e r l y  Report No. 1, t h e  diameter  for t h e  c y l i n d e r  
should be 130 m i l s  r a t h e r  than 65 m i l s .  
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With s l i g h t  modif icat ion,  t h e  method was next  t r i e d  on t h e  custom- 
extruded Kel-F tubing subsequent ly  obta ined .  Two drawbacks were 
noted i n  t h e  s l i t t i n g  of t he  tubing,  r e s u l t i n g  b o t h  f rom the  g r e a t e r  
s t i f f n e s s  of t h e  f i lm  and t h e  rounder shape compared t o  t h a t  of 
t he  polye thylene  i n c a p s u l a t i o n .  F i r s t ,  a cons ide rab le  i n c r e a s e  i n  
p u l l i n g  f o r c e  ( r i s i n g  from about 18 oz to over 2 l b )  was u s u a l l y  
necessary when t h e  blade encountered t h e  h e a t  s e a l .  Second, t h e  
o r i e n t a t i o n  of t he  s l i t  packe t s  a t  t he  r o l l e r s  v a r i e d  caus ing  occas iona l  
i n c r e a s e  i n  p u l l i n g  f o r c e .  

A second method of r e l e a s e  appears  t o  p r e s e n t  few d i f f i c u l t i e s  and 
o f f e r s  b e t t e r  r e l i a b i l i t y .  This  method employs sharp- toothed sprocket  
wheels of 0.003 i n .  t h i c k  s t a i n l e s s  s t e e l  t o  puncture  the  capsules ,  
a puncture  being made about every 1/16- t o  1/8- in .  a s  t h e  incapsu la -  
t i o n  i s  p u l l e d  over and a g a i n s t  t h e  wheel.  The punctured capsu le s  
next  move through a slot of c o n t r o l l e d  wid th  t o  remove t h e  e l e c t r o l y t e .  
T h i s  method has given a r e l e a s e  e f f i c i e n c y  b e t t e r  than  90% bu t  t he  
slot width r equ i r ed  f o r  good e f f i c i e n c y  r e s u l t e d  i n  excess ive  d rag .  
Ro l l e r s  w i l l  be t r i e d  t o  reduce the  drag .  

5.  Incapsu la t ing  Mate r i a l s  

Requirements ou t l ined  i n  t h e  prev ious  q u a r t e r l y  r e p o r t  ( i  .e . ,  high 
e l e c t r o l y t e  payload and low l o s s  r a t e )  i n d i c a t e d  t h a t  thermoplas t ic  
f i l m s  f o r  i ncapsu la t ion  should have a pe rmeab i l i t y  c o e f f i c i e n t  of  t h e  
o rde r  of 0.002 g-mm/24 hr-m2-cm Hg. The f i l m s  used i n  t h i s  work were 
s e l e c t e d  p r imar i ly  on t h i s  b a s i s .  It should be noted t h a t  pe rmeab i l i t y  
va lues  vary considerably from sample t o  sample and method of determina- 
t i o n .  Se lec t ed  phys ica l  da ta  on the  f i l m s  used a r e  p re sen ted  i n  
Tab le  13. 

6.  Capsule E l e c t r o l y t e  Loss  

a .  Background 

The  t ransmission of a vapor or gas through a polymer f i l m  t a k e s  p l a c e  
p r i m a r i l y  by a d i f f u s i o n  c o n t r o l l e d  mechanism, wherein the  gas  d i s s o l v e s  
i n  one s u r f a c e  of t he  f i lm ,  pas ses  through by a n  a c t i v a t e d  d i f f u s i o n  
process ,  and evaporates  from the  oppos i t e  s u r f a c e .  Under s t e a d y - s t a t e  
condi t ions ,  and assuming t h a t  t he  d i f f u s i o n  c o e f f i c i e n t ,  D ,  i s  n o t  
concen t r a t ion  dependent, t he  r a t e  of permeation through t h e  f i l m  p e r  
u n i t  a r ea ,  q ,  can be expressed by 

where t is  f i l m  t h i ckness ,  and c1 and c2 a r e  t h e  concen t r a t ions  a t  t h e  
high and low p res su re  su r faces ,  r e s p e c t i v e l y ,  Applying Henry 's  law, 
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where S is  the  s o l u b i l i t y  of t h e  vapor i n  cc/cc of polymer a t  a 
p r e s s u r e  of  1 c m  H g  w i t h  the  volume c o r r e c t e d  t o  S.T.P., and p i s  t h e  
vapor p re s su re ;  P, t h e  pe rmeab i l i t y  cons t an t ,  may be de f ined  as 
cc o f  gas a t  S . T . P .  permeating p e r  second through a f i l m  of 1 cm2 
area and 1 mm th ickness  under a p re s su re  d i f f e r e n c e  of 1 cm H g  and 
may be expressed a s  

For gases ,  P should be  independent of t h i ckness  and p r e s s u r e ,  
while  f o r  vapors i t  may i n c r e a s e  w i t h  p r e s s u r e .  

The temperature  dependence of P may be expressed a s  an  Arrhenius 
r e l a t i o n s h i p :  

P = P o e x p ( - ~ p / ~ ~ )  

where Ep i s  t h e  a c t i v a t i o n  energy a s s o c i a t e d  w i t h  t h e  o v e r a l l  permea- 
t i o n  process ,  and Po i s  a c o n s t a n t .  S ince  both  the  d i f f u s i o n  c o e f f i c i e n t  
and the  s o l u b i l i t y  depend on temperature,  equa t ion  (4) w i l l  u s u a l l y  
only approximate t h e  temperature  dependence of P .  For p i n h o l e - f r e e  
f i l m s  showing very low s o l u b i l i t y  f o r  a vapor,  t h e  above r e l a t i o n s  
should be q u a n t i t a t i v e  and independent of whether a l i q u i d  or i t s  
vapor c o n t a c t  t he  f i l m .  

b .  Method 

Various methods ( re fs  5,8,9,10,11,12) have been employed t o  measure 
the  pe rmeab i l i t y  of t h i n  f i l m s .  A d i f f u s i o n  c e l l  method, employed 
by B a r r e r  ( r e f  8)  , depends on measurement of t h e  p r e s s u r e  r i se  w i t h  
t i m e  i n  a prev ious ly  evacuated chamber t h a t  i s  s e a l e d  by t h e  t e s t  
sample. 
a d i sh ,  f i l l e d  wi th  des i ccan t ,  enclosed by t h e  f i l m  and s t o r e d  i n  a 
c a b i n e t  of cons tan t  temperature  and humidity.  A hygrophotographic 
method, depending on t h e  s e n s i t i v i t y  of a double s i l v e r  and mercury 
s a l t  to moisture ,  has been developed r e c e n t l y  by S i v a d j i a n  ( r e f .  13 ) .  

A modi f ica t ion  of t h e  P a t r a  method ( r e f  e 9) involves  weighing 

For our purposes,  i t  was f e l t  t h a t  t e s t s  on t h e  completed incapsula-  
t i o n s  would be des i r ab le  s i n c e  t h e  r e s u l t s  would then  inc lude  any 
e f f e c t s  of hea t  seals, handling, e t c .  The g rav ime t r i c  method used 
involves  s t o r i n g  o f  capsu le s  under t h e  d e s i r e d  cond i t ions  and weighing 
them a t  i n t e r v a l s  of t i m e  depending on the  l o s s  r a t e  expec ted .  The 
p e r m e a b i l i t i e s  of t h e  f i l m s  u sed  a r e  s o  low t h a t  t h e  t i m e  du r ing  
which the capsules  a r e  removed from c o n t r o l l e d  cond i t ions  f o r  weighing 
i s  n e g l i g i b l e  compared t o  t h e  t o t a l  s t o r a g e  t i m e  and should no t  a f f e c t  
t he  t e s t  r e s u l t s .  

Three t e s t  condi t ions  were used i n  t h e  e v a l u a t i o n  of i n c a p s u l a t i o n  - 
ambient s t o r a g e  (approximately 25OC and 50% R . H . ) , 9  and s t o r a g e  under 
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vacuum a t  25OC and 39°C ( @  R.H.). Capsules o f  va r ious  dimensions 
were s e a l e d  a s  descr ibed i n  Sec t ion  11-B-2. Water, 2M Mg(C104)2, 2M 
A 1 C 1 3 ,  and 37% KOH have been incapsula ted  i n  the f i l m s  s e l e c t e d  f o r  
t e s t s .  Phys ica l  da ta  on t h e  types of capsules  t e s t e d  a r e  g iven  i n  
Table A - 3  (Appendix).  

c .  Resu l t s  and Discussion 

T e s t  r e s u l t s  on water  i ncapsu la t ions  a t  ambient cond i t ions  a r e  shown 
i n  F igu res  15 through 18, The da ta  a r e  shown a s  weight l o s s  p e r  u n i t  
a r e a  of capsules ,  t h e  a r e a  being es t imated  from the  ph s i c a l  dimensions 
of t h e  i n c a p s u l a t i o n .  The f luorohalocarbon m a t e r i a l s  a Figures  15A and B)  
show the  lowest  vapor t ransmiss ion  w i t h  c o n s i s t e n t  r e s u l t s  being obtained 
except  f o r  i ncapsu la t ion  number 4 i n  F igure  l5B. The jump shown here 
a f t e r  14  days i s  be l ieved  t o  be due t o  a l o s s  of a smal l  p o r t i o n  of  
the  f i l m  i n  handl ing s ince  t h e  cont inua t ion  of t h e  t e s t s  shows the  
same loss r a t e  a s  obtained i n  the i n i t i a l  p o r t i o n  of t h e  t e s t .  The 
Al-Mylar i n c a p s u l a t i o n s  show a much w i d e r  range of  vapor t ransmiss ion  
r a t e s  ( ~ i g u r e  181, the lowest. nf t.hese rat.es being cnmparable w i t h  
those  obtained on the  f lu-orohalocarbons.  The wide v a r i a t i o n  i s  be- 
l i e v e d  due t o  t h e  hea t  s e a l s  s ince  t h e  h igher  loss r a t e s  were u s u a l l y  
from capsu le s  w i t h  p ropor t iona te ly  g r e a t e r  hea t  s e a l  l e n  t h .  The 
vapor t ransmiss ion  r a t e s  of  FEP and TFE types o f  Teflon T Figure 16) 
a r e  c o n s i s t e n t l y  higher  than those o f  t he  f luorohalocarbon m a t e r i a l s  
t e s t e d .  

With the  except ion  of capsule  E20, which showed a r a p i d  inc rease  i n  
t ransmiss ion  a f t e r  25 days,  t he  r e s u l t s  a r e  c o n s i s t e n t .  The inc rease  
noted w i t h  E20 i s  be l ieved  due t o  a f a i l u r e  of a small  p o r t i o n  of t h e  
s e a l .  The polyethylene incapsu la t ions  showed h igh  l o s s  r a t e s  (F igu re  
17) a s  expected, and would be unsui tab le  f o r  most  a p p l i c a t i o n s  even 
though t h e  f i l m  dens i ty  i s  l o w .  

Permeabi l i ty  cons t an t s  ca l cu la t ed  from t h e  vapor t ransmiss ion  r a t e s  
a r e  compared w i t h  va lues  obtained from t h e  l i t e r a t u r e  i n  Table 1 4 .  
Considerable  d i s p a r i t y  i s  evident i n  s e v e r a l  cases ,  depending on the  
source of t h e  va lues .  Good agreement .is ev iden t  f o r  t he  f luo roha lo -  
carbon f i l m s  except  f o r  re fe rence  6 whose va lues  a r e  a f a c t o r  of t e n  
g r e a t e r  than o u r s .  

A comparison of m a t e r i a l s  f r o m  a p e r  cen t  weight l o s s  s t andpo in t  i s  
shown i n  Figure 19, a l l  f o r  i ncapsu la t ions  having approximately the  
same s u r f a c e  a r e a  p e r  u n i t  weight of l i q u i d .  

The s u p e r i o r i t y  o f  the  Aclar  f i l m  i s  s u b s t a n t i a l .  A comparison of 
i n c a p s u l a t i o n s  i n  Aclar  w i t h  d i f f e r e n t  s u r f a c e  area-to-volume r a t i o s  
i s  shown i n  F igure  20. The importance of minimizing capsule  s u r f a c e  
a r e a  i s  ev iden t  from the  increase  i n  per  cen t  loss p r o p o r t i o n a l  t o  t h e  
i n c r e a s e  i n  su r face  a r e a .  
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Table 14 

COMPARISON OF PEFiMEABILll'Y CONSTINI"T ESTIMATED FROM THIS WORK A N D  AVAILABLE LEERATURE 

Ma t e r  l a  1 

Poly t r i f luoro-  
c h loroe thy l e n e  

KEL-F 81 

KEL-F 81 

KEL-F 300 

KEL-F 300 P25 

Aclar 3 3 C  
Aclar 3 3 C  

A c l a r  5,x 
Aclar 

KEL-P 81 

Sample 
Thickness T e s t  Reported 
M i l s  C ondlt ions Value 

6.1 

25OC 
4 hr-#-cm Hg 

25OC Liquid 0.0015 

Vapor 0.0015 
m -hr  

25OC 2.9 x lo-'' CC-rnm 
cnF-sec-cm Hg 

25% 2 x c c - m  
cmz-sec-cm Hg 

0.025 g / l O O  ln2-24 hr 1 
2 {%go% 1 0.015 g/lOO in2-24 h r  

Permeabil i t y  
Constant 
Estimated at 25ooc L i t e r a t u r e  
~-mm/24 hr-S-cm H g  Reference 

0.015-0.180 
0.00 

0.015 

0.015 

0.0002 

0.002 

0.0022 ( 100°F) 
0 0027 ( 100°F) 

0.001-0.002 
0. ~ 0 7 5  

0.0018 

4 
14 

6 

6 

15 

15 

5 
t h i s  
work 

t h i s  
work 

Teflon TFE 0.0 4 

Teflon TFE (T& HB) 2 0.025 t h i s  
work 

Teflon FEP 0.002 4 

Teflon FEP 0.46 9-d' 
00 In2-24 h r  

0.076 5 

Teflon FEP 1-77 25'C Liquid 0.0013 0.013 6 

0.007 6 Vapor 0.0007 
m -hr 

Teflon FEP Type A 2 
Teflon FEP [Type A ]  3 

0.018-0.025 
0.011 

th l  s 
work 

0.0083 ( 1 0 0 ~ ~ )  7 lOOOF 0.02 g/100 in2-24 h r  Al-Mylar 25A20 2 -5 
Al-Mylar 25620 2 -5 25OC 0.0014-0.005 this work 

Polyethy lene 25OC 
( L o w  densi ty)  2 ( 25OC ) 

1 =50% RH 

0.04 - 0.C8 
0.06 
0.10 

4 
t h i s  
work 

Mylar 

Saran 

25OC 

25OC 

0.10 6 

0.01 -0.02 6 
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Figure  21. I n c a p s u l a t i o n s  cf 2iJI N g ( C i O e  )2 i n  V a r i L ~ i i s  
Env i ro  rime n t s 
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Resu l t s  on e l e c t r o l y t e  incapsula t ions  and tes ts  under vacuum and 
e l eva ted  temperatures a r e  shown i n  Figure 21.  These r e s u l t s  a r e  only 
p a r t i a l l y  completed. However, i t  appears  t h a t  e l e c t r o l y t e  incapsula-  
t i o n s  should provide r e s u l t s  comparable w i t h  those f o r  water incapsula-  
t i o n s  a s  would be expected s ince  t h e  d r i v i n g  force  f o r  t r a n s p o r t  
i s  only s l i g h t l y  changed. The vacuum t e s t s  show s l i g h t l y  g r e a t e r  loss 
r a t e s  than  those w i t h o u t  vacuum, poss ib ly  due t o  the  increase  i n  the  
r e l a t i v e  h u m i d i t y  d i f f e rence  f r o m  about 50% t o  100s. 
more s i g n i f i c a n t  i nc rease  i s  t h a t  due t o  increased  temperature.  Here, 
t h e  t ransmission r a t e  i s  increased due t o  the  g r e a t e r  vapor p re s su re  
of t he  l i q u i d .  
t h e  remainder being due t o  t h e  e f f e c t  o f  temperature on t h e  f i l m  i t s e l f .  

Weight l o s s  da ta  f o r  i ncapsu la t ions  of dimensions compatible w i t h  
t h e  e l e c t r o l y t e  requirements of the tape b a t t e r y  a r e  shown i n  Figure 22 .  
Also shown a r e  t h e  es t imated r e s u l t s  f o r  a tubing incapsu la t ion  i n  
Kel-F 81 supplying 0.18 cc/ in .  of  tubing l eng th .  T h i s  t e n t a t i v e  
s l e c t i o n  f o r  incapsula t ion  showq a weight l o s s  o f  less than 1% er  
year  a t  ambient cond.it lnr!s w i t h  an  i n i t i a l  payload of about 8 5 8  
Larger amounts of e l e c t r o l y t e  can be  suppl ied  w i t h  ever! be t t e r  pay- 
loads .  

By f a r ,  t h e  

T h i s  alone doel; not  account f o r  t h e  t o t a l  increase,  

7 .  Future  Plans ( E l e c t r o l y t e  Incapsula t ion)  

a .  Complete loss r a t e  s t u d i e s  t o  provide f u r t h e r  information 
on the e f f e c t s  of temperature and vacuum. The composition of t h e  
e l e c t r o l y t e  w i l l  be  analyzed t o  determine i t s  s u i t a b i l i t y  f o r  u s e  
a f t e r  prolonged s to rage .  
e l e c t r o l y t e  s ince  uptake o f  C 0 2  8nd r e s u l t i n g  carbonat ion could reach  
s i g n i f i c a n t  l e v e l s .  

This  will be of i n t e r e s t  p r imar i ly  f o r  KOH 

b .  Fur ther  development of e l e c t r o l y t e  r e l e a s e  methods t o  reduce 
the  f o r c e s  r equ i r ed  and r e t a i n  gopd e f f i c i e n c y  of  r e l e a s e .  

c .  Inves t iga t e  methods of e l e c t r o l y t e  conservat ion.  T h i s  work 
has been delayed somewhat s i n c e  e l e c t r o l y t e  requirements and o the r  
tape c h a r a c t e r i s t i c s  a r e  not  y e t  f i x e d .  
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A. 

111. PHASE 2 - DRY TAPE D E S I G N  

J O I N T  ANODE-CATHODE TESTING 

1. Background 

The j o i n t - t e s t i n g  phase of t h e  Dry Tape Program i s  concerned 
p r i m a r i l y  with t h e  engineering a spec t s  of discharging moving t apes .  
The t apes  used  i n  t h i s  work a re  based on a v a r i e t y  of formulation 
of organic  cathode ma te r i a l s  and a r e  manufactured by s e v e r a l  
techniques.  Their  phys ica l  c h a r a c t e r i s t i c s  m u s t  purposely cover a 
wide range. Anode performance i s  evaluated whether t h e  anode i s  
incorporated as a s t a t i o n a r y  block design or fed with t h e  cathode 
a s  flame-sprayed magnesium metal. Data co l l ec t ed  inc lude  cur ren t ,  
vol tage,  t ape  speed, t a p e  p u l l  force ,  e l e c t r o l y t e  quant i ty ,  
capsule  feed, e l e c t r o l y t e  d i s t r i b u t i o n ,  and t ape  i n t e g r i t y .  The 
information r e s u l t i n g  from t h i s  a r e a  has d i r e c t  a p p l i c a t i o n  i n  the  
f i n a l  device phase of t h i s  program where it will p r o v i d e  2 sound 
engineer ing b a s i s  f o r  design and c o n s t r u c t i o n  o f  a high energy 
d e n s i t y  demonstration u n i t .  

2 .  Cathode Tapes 

I n i t i a l  i n v e s t i g a t i o n s  of methods f o r  depos i t ing  organic  n i t r o  
cathode ma te r i a l s  on t a p e  have shown t h a t  t h r e e  requirements must  
be met t o  i n su re  s a t i s f a c t o r y  performance. The cathode coa t  must  be  
(1) coherent t o  prevent  cracking and shr inking,  ( 2 )  adherent  enough 
t o  prevent  f l a k i n g  from t h e  tape, and (3) smooth enough t o  ensure 
continuous and in t ima te  contact w i t h  t h e  cathode cur ren t  c o l l e c t o r .  
These p r o p e r t i e s  must  be maintained during e l e c t r o l y t e  wet-out t o  
prevent  sc rape  of f  and shor t ing  while the  t ape  is  moving through 
the  cu r ren t  c o l l e c t o r s .  

The tapes  used i n  t h e  breadboard t e s t i n g  were f a b r i c a t e d  e i t h e r  by 
power spraying o r  by cas t ing  from a s l u r r y  w i t h  a Gardner kn i f e .  
The spraying was done w i t h  a D e V i l b i s s  spray gun i n  which separa te ,  
c o n t r o l l a b l e  a i r  p ressures  a r e  appl ied to both t h e  s l u r r y  r e s e r v o i r  
and t h e  forced a i r  stream ( a i r  of  a tomizat ion)  which c a r r i e s  t h e  t i n y  
s o l i d  p a r t i c l e s  t o  t h e  tape .  The Gardner kn i f e  process,  descr ibed i n  
previous r epor t s ,  uses an ad jus t ab le  blade behind a small q u a n t i t y  
of s l u r r y ,  both of which a r e  drawn over a s t a t i o n a r y  t a p e .  The 
c a s t i n g  s o l u t i o n s  have included a v a r i e t y  cf so lvents ,  both aqueous 
and organic .  Electrode compositions have covered s e v e r a l  types of  
water so lub le  and water inso luble  binders; i n  some samples f i b r o u s  
Dynel has been included as a s t r eng th  b u i l d e r .  Tape th lcknesses  
ranged f rom 0.006-in.  t o  0.018-in. and base m a t e r i a l s  were va r i ed  t o  
inc lude  Dynel, polypropylene and nylon. The major i ty  of t e s t s  were 
run using 2,4,6-trichlorotriazotrione (TCTT) as t h e  cathode a c t i v e  
m a t e r i a l  on which approximately 50% coulombic e f f i c i e n c y  can be 
expected ( s t a t i c  h a l f - c e l l  tests)  a t  cur ren t  d e n s i t i e s  up t o  200 
ma/in2. 
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3. Anode 

A s t a t i o n a r y  anode, machined from c a s t  Mg block,  has been gsed i n  
a l l  t e s t s  covered i n  t h i s  r e p o r t .  S e v e r a l  des igns  have been 
inco rpora t ed ,  ranging from s o l i d  to s l o t t t e d  to machined b locks  
wi th  d r i l l e d  ho le s  ( s e e  F igu re  2 3 ) .  I n  most c a s e s  pu re  magnesium 
was used, a l though p rev ious  t e s t s  showed t h e  s u i t a b i l i t y  of magnesium 
a l l o y  AZ31B f o r  t h i s  purpose .  Although t e s t s  of o t h e r  anode conf igu ra -  
t i o n s  a r e  planned (bo th  flame sprayed and t h i n  expanded metal  fo rms) ,  
t h e  a v a i l a b i l i t y  of t h i n  s t o c k  f o r  expanding appea r s  l i m i t e d  and some 
d e l a y  may be experienced i n  e v a l u a t i n g  t h e  l a t t e r .  Hopeful ly ,  a 
planned t r i p  to Dow Metal Products  Div is ion ,  Dow Chemical Company, 
may a l l e v i a t e  t h i s  problem as w e l l  as p rov ide  some new i n s i g h t  i n t o  
t h e  use of magnesium as an  anode. 

4 .  Breadboard Tes t ing  Parameters  

a .  Background 

The workhorse f o r  j o i n g  t e s t i n g  of anodes and ca thodes  under r e a l i s t i c  
c o n d i t i o n s  i s  the  l a b o r a t o r y  "breadboard" t e s t i n g  d e v i c e .  A l l  
e lements  requi red  i n  a f i n a l  t a p e  u n i t  a re  p r e s e n t  o r  can r e a d i l y  b e  
added, and s u f f i c i e n t  freedom i s  p r e s e n t  for d e t a i l e d  measurement 
of any p a r t i c u l a r  a r e a  of  o p e r a t i o n .  With some except ions ,  major 
f e a t u r e s  of  t h e  t e s t i n g  procedures  were t h e  fo l lowing :  

(1) Anode - magnesium block, machined i n  s e v e r a l  des igns  to 

( 2 )  Tape Speed - 0 . 1  to 1 in./min. 

f a c i l i t a t e  g a s  removal, s e r v i n g  as bo th  anode and cur ren t  c o l l e c t o r .  

( 3 )  

( 4 )  E l e c t r o l y t e  - 2M Mg(C104)2 f o r  most runs  

( 5 )  E l e c t r o l y t e  feed  - Manual, u s u a l l y  through a 10 cc s y r i n g e  

Motor - E i t h e r  3Vdc f o r  p a r a s i t i c  d r i v e  o r  12 vdc w i t h  
e x t e r n a l  power supply f o r  ad j u s t a b l e  speed o p e r a t i o n  

to measure q u a n t i t i e s  
2 ( 6 )  Current d e n s i t y  - v a r i e d  from 0 to 500 m a / m .  

( 7 )  Tape m a t e r i a l  ( s e p a r a t o r )  - 0.003 i n ,  0.0055 in.dyne1, 
0.005 i n .  polypropylene, 0.008 i n .  nylon 

( 8 )  Auxi l i a ry  s e p a r a t o r  - none ( e x c e p t  f o r  occas iona l  usage 
i n  s p e c i a l  t e s t s ) .  

b .  Resu l t s  of  Breadboard Runs 

Although much of t h e  t e s t i n g  was on ly  q u a l f t a t i v e  a number of  engin-  
e e r i n g  and design f e a t u r e s  were e s t a b l i s h e d .  These a r e  summarized 
below. 
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(1) Cathode C o l l e c t o r  M a t e r i a l s  

Platinum, whi le  no t  r e q u i r e d  f o r  a l l  cathode a c t i v e  'ma . te r ia l s ,  was 
found most s u i t a b l e  f o r  g e n e r a l  u se .  Plat inum p l a t i n g ,  used e a r l i e r  
i n  t h e  s e r i e s ,  was no t  s u f f i c i e n t l y  d u r a b l e  f o r  r e l i a b l e  o p e r a t i o n .  
S o l i d  P t  was incorpora ted  i n t o  a l l  t h e  l a t e r  c o l l e c t o r  head d e s i g n s .  

( 2 )  Cathode C o l l e c t o r  Design 

A f l a t ,  uniform, smooth c o l l e c t o r  a r e a  i s  p r e f e r r e d  f o r  t a p e  c o n t a c t ,  
and a moderate chamfer on l ead ing  edges i s  h e l p f u l  i n  p r e v e n t i n g  
excess ive  sc rap ing  of t a p e  c o a t i n g s  as they  a r e  f e d  to t h e  d i s c h a r g e  
s i t e s .  Normal loadings m u s t  be uniformly a p p l i e d .  Uneven o r  e r r a t i c  
clamping 6f c o l l e c t o r  heads to t h e  t a p e  s u r f a c e s  caused corresponding-  
l y  uneven contac t  and i r r e g u l a r  o u t p u t .  

(3) Phys ica l  C h a r a c t e r i s t i c s  of Tape 

Along wi th  t h e  uni formi ty  of cathode c o l l e c t o r  mentioned above, a 
matching smoothness i s  r e q u i r e d  on t h e  t a p e  c o a t i n g  s u r f a c e .  The 
n a t u r a l  smoothing e f f e c t  of t h e  c o l l e c t o r  head on t h e  moving t a p e  
( a lmos t  a l l  t apes  emerged smooth r e g a r d l e s s  of c o n d i t i o n  a t  e n t r y )  
was i n s u f f i c i e n t  to preven t  v o l t a g e  f l u c t u a t i o n s  a t  c o n s t a n t  c u r r e n t  
d i s c h a r g e s .  Two f a c t o r s  were r e s p o n s i b l e :  F i r s t ,  t h e  l e v e l i n g  e f f e c t  
of t h e  c o l l e c t o r  head d i d  n o t  o c c i r  immediately upon t a p e  e n t r y  
a l though  t h e  use of a n  i n e r t  l e a d - i n  s e c t i o n  desc r ibed  below f o r  bo th  
e l e c t r o l y t e  d ispens ing  and smoothing e f f e c t s  helped s o l v e  t h i s .  
Second, and more b a s i c ,  was t h e  apparent  e l e c t r i c a l  i s o l a t i o n  of 
a c t i v e  m a t e r i a l  t h a t  r e s u l t e d  from p h y s i c a l  rearrangement of t h e  
c o a t i n g  a f t e r  i t  was wet ted .  Accordingly, more emphasis i s  be ing  
p laced  on uni formi ty  o f  t a p e  coa t ings  f o r  dynamic use t h a n  was r e -  
q u i r e d  i n  t h e  s t a t i c  d i scha rge  t e s t s .  

( 4 )  Tape Composition 

I n  ach iev ing  a uniform cathode tape ,  emphasis r e v e r t s  back to both  
t h e  manufacturing method and to t h e  t a p e  composi t ion.  I n  t h e  l a t t e r  
a r e a ,  t h e  b igges t  e f f e c t  was seen  i n  t h e  type  of b i n d e r  used and 
t h e  n a t u r e  of the s l u r r y  i n  which t h e  i n g r e d i e n t s  were d i s p e r s e d .  
R e s u l t s  from t h e  e a r l y  t e s t s  were a d v e r s e l y  e f f e c t e d  by excess ive  
loss of  cathode material a t  t h e  c o l l e c t o r  s i t e s .  T h i s  was t r a c e d  to 
a reduced binding a c t i o n  of  t h e  wa te r - so lub le  b i n d e r  a f t e r  e l e c t r o l y t e  
wet-out .  A switch bo i n s o l u b l e  b i n d e r s  c a s t  from o r g a n i c  s o l v e n t s  
provided b e t t e r  i n t e g r i t y  at t h e  cathode c o l l e c t o r ,  b u t  t h e s e  t a p e s  
were c h a r a c t e r i z e d  by s e v e r e  c racking  of t h e  c o a t i n g .  Some of t h e  
i n s o l u b l e  b inde r s  wetproofed t h e  e l e c t r o d e  and h indered  r a p i d  
e l e c t r o l y t e  wet-out .  The a d d i t i o n  o f  a small q u a n t i t y  of p l a s t i c i z e r  
promoted t h e  des i r ed  soaking a c t i o n  b u t  d i d  no t  e l i m i n a t e  t h e  
c rack ing .  The i n c o r p o r a t i o n  of Dyne1 f i b e r s  i n t o  t h e  cathode mix added 
c o n s i d e r a b l e  s t r e n g t h  to t h e  wa te r - so lub le  b i n d e r s  i n  p a r t i c u l a r ,  b u t  
g e n e r a l l y  r e s u l t e d  i n  a n  undes i r ab le ,  rough s u r f a c e .  



O u r  e f f o r t s  to combine t h e  b e s t  f e a t u r e s  of t h e  above approaches 
i n  a s i n g l e  process a r e  described i n  Sec t ion  B. - Spraying has 
produced the  b e s t  q u a l i t y  tapes  t o  d a t e .  Additional con t ro l  over 
t ape  i n t e g r i t y  has been obtained through improved c o l l e c t o r  and 
e l e c t r o l y t e  dispensing po in t  designs.  

(5 )  E l e c t r o l y t e  Dispensing 

Although only moderate a t t e n t i o n  has been given to e l e c t r a l y t e  
dispensing t h u s  far ,  s e v e r a l  engineering f e a t u r e s  have been de te r -  
mined. Liquid d i s t r i b u t i o n  i s  good on all tapes ,  v i r t u a l l y  tak ing  
c a r e  of i t s e l f  i f  proper  amounts a r e  suppl ied .  This has permit ted 
t h e  u s e  o f  a s i n g l e  supply p o r t  f o r  each tape  through which the  
e l e c t r o l y t e  i s  channeled. The feeding o f  t h i s  manifold from a capsule  
source has proved q u i t e  f e a s i b l e  i n  prel iminary t e s t s .  It i s  a l s o  
advantageous to wet the  non-coated s i d e  of t he  tape  s i n c e  t h e  coa t ing  
i s  not d i s turbed  o r  scraped by the  feed p o r t .  The loss of cathode 
materials described e a r l i e r  has been p a r t l y  overcome by an improved 
head des ign  combining t h e  cur ren t  c o l l e c t o r s  and t h e  e l e c t r o l y t e  
dispensing s e c t i o n .  Since dry  tapes  maintained good i n t e g r i t y ,  
e l e c t r o l y t e  add i t ion  was delayed u n t i l  t h e  tape  had passed between 
an i n e r t  extension of t h e  cathode and anode c o l l e c t o r s .  The c lose  
confinement allowed no f r e e  space i n  which ma te r i a l  c o u l d  accumulate. 
Using t h i s  approach, s eve ra l  tapes not otherwise usable\ were 
s a t i s f a c t o r i l y  discharged.  

( 6 )  Anode Design 

So l id  m e t a l l i c  magnesium served as both anode and cu r ren t  c o l l e c t o r  i n  
a l l  t e s t s .  Design changes were made f r equen t ly  a s  t h e  t e s t i n g  
progressed.  I n i t i a l  runs were conducted wi th  a s l o t t e d  block i n  which 
b o t h  t h e  lands and grooves were each approximately 1/8 i n .  wide. 
Excess e l e c t r o l y t e ,  however, tended to c o l l e c t  i n  the  grooved 
s e c t i o n s .  Accordingly, the  uni t  was modified to e l imina te  t h e  base 
o f  t h e  grooves, leaving the  area between t h e  lands t o t a l l y  u n f i l l e d  
and removing a l l  pockets i n  wh ich  , l i q u i d  could c o l l e c t .  Nevertheless,  
maximum tape  performance could not be obtained with e i t h e r  des ign .  
The d i f f i c u l t y  l a y  i n  t h e  uneven forces  press ing  a g a i n s t  t h e  tape  
su r face  by an anode which was a l t e r n a t e l y  s o l i d ,  space, s o l i d ,  space.  
Because of correspondingly uneven cathode c o l l e c t o r  contact ,  cathode 
cu r ren t  d e n s i t y  was not  uniform and outputs  s u f f e r e d .  Considerable 
improvement was obtained by t h e  s u b s t i t u t i o n  o f  an anode with t i n y  
holes  d r i l l e d  perpendicular  t o  the  exposed f a c e  and w i t h  t h e  r a t i o  of 
s o l i d  a r e a  to open a r e a  markedly increased .  A s l o t t e d  c o l l e c t o r  i s  a l s o  
being f ab r i ca t ed  i n  which t h e  v o i d  spaces a r e  considerably reduced. 

A second problem a rea  involved t h e  c r e a t i o n  of d i scharge  pa ths  around 
t h e  s i d e s  of t h e  tape  due to t h e  c o l l e c t i o n  of even small amounts of  
cathode ma te r i a l .  Although cathode tapes  can be made on which an 
uncoated border i s  provided, t h i s  s o l u t i o n  s h o u l d  be avoided i f  



p o s s i b l e  s i n c e  it r e p r e s e n t s  a weight p e n a l t y .  Anode c o l l e c t o r s  
machined s l i g h t l y  l e s s  t h a n  t h e  f u l l  width of t h e  t a p e  have been 
t r i e d ,  b u t  due t o  l a c k  of p r e s s u r e  a g a i n s t  t h e  cathode c o l l e c t o r ,  
t a p e  bo rde r s  were no t  be ing  d i scha rged .  A second t e s t  i s  planned 
i n  which t h e  mechined-off s e c t i o n s  of t h e  c o l l e c t o r  a r e  r ep laced  
by an  i n e r t  p l a s t i c  m a t e r i a l .  However, t o t a l  d i s c h a r g e  of bo rde r  
s e c t i o n s  remains a q u e s t i o n  s i n c e  a longe r  i o n  p a t h  from ancde t o  
cathode r e s u l t s .  

( 7 )  Drive Unit  / 

The Zero-Max speed c o n t r o l  system desc r ibed  i n  e a r l i e r  r e p o r t  
has  been replaced with a d i r e c t  d r i v e  de geamotor f o r  a l l  f u t u r e  
t e s t i n g .  The stop-and-go motion of t h e  Zero-Max was r e f l e c t e d  i n  
ou tpu t  v o l t a g e  f l u c t u a t i o n s  o f  d i s c h a r g i n g  t a p e s .  Tape l i n e a r  
speed i s  c o n t r o l l e d  by a n  a d j u s t a b l e  r e s i s t a n c e  i n  t h e  a rmature  
c i r c u i t  of t h e  de motor. 

E lec t rode  Coulombic E f f i c i e n c i e s  

T e s t s  t o  measure e l e c t r o d e  output  and e f f i c i e n c y  have been conducted 
on t h e  breadboard t e s t i n g  equipment. A t  t imes throughout  t h e  pei?iod, 
v a r i o u s  s e c t i o n s  of t a p e s  have been monitored a f t e r  a run  has been 
s t a r t e d .  

Data from two moving cathode t a p e  runs  a r e  g iven  i n  Table 15. The 
cathode r educ t ion  e f f i c i e n c i e s  of 16% and 28% a t  60 and 80 ma/in.2, 
r e s p e c t i v e l y ,  a r e  much lower than  t h e  50% e f f i c i e n c y  of s t a t i c  
ca thodes  o f  t h e  same type  d i scha rg ing  a t  100 rna/in.2 

One c o n t r i b u t i n g  f a c t o r  t o  t h e  low c u r r e n t  e f f i c i e n c i e s  ob ta ined  
du r ing  dynamic t e s t i n g  may be t h e  roughness of t h e  t a p e s .  One 
s e r i e s  o f  s t a t 5 c  t e s t s  (Tab le  16)  showed t h a t  h igh  c u r r e n t  c o l l e c t o r  

t a p e s  t o  c a r r y  high c u r r e n t  d e n s i t i e s  w i t h  good p o t e n t i a l ,  The 
v o l t a g e  improvement as a r e s u l t  o f  i n c r e a s i n g  p r e s s u r e  on t h e  TCTT 
cathode t a p e s  i n d i c a t e s  t h e  importance o f  a smooth s u r f a c e .  

I 

I p r e s s u r e  was r equ i r ed  to enable  t h e s e  p a r t i c u l a r  p i c r i c  a c i d  and TCTT 

5. F u t u r e  Program ( J o i n t  Anode-Cathode T e s t i n g )  

( a )  Improve t e s t i n g  equipment. The o r i g i n a l  equipment 
cons t ruc t ed  t o  eva lua te  t he  des ign  requi rements  of d i scha rg ing  
moving t a p e s  has o u t l i v e d  i t s  u s e f u l l n e s s .  I n c o r p o r a t i o n  of new 
modi f i ca t ions  and added measuring equipment becomes i n c r e a s i n g l y  
more d i f f i c u l t .  



Table 15 

Item 

Tape No. 

__. 

BREADBOARD DISCHARGE TESTS OF CATHODE TAPES 

Cathode: ACL-85@ 2,4,6-trichloro-triazine-trione 
Anode: So l id  Mg 
Base Material: 0.0055 i n .  Dyne1 
E lec t ro ly t e :  2M M g ( C 1 0 4 ) 2  

Run A 

S-6 

o .051 Weight of Cathode Coating, g/in.2 

E l e c t r o l y t e  Usage, cc / in .  0.15 

1.68 

2 .@ 
Col l ec to r  Area, i n .2  

Average Voltage, v 

Average Current Density, 
ma/in .2 

Tape Speed, in./min 

60 

0.55 

19 

16 

Run Time,  min 

Cathode Eff ic iency,  $ 

2- * Cathode Formulation 

ACL-85 45 
Shawinigan Black 45 

7 
3 a Opalon-506 

San t i c  i z  er- 160 
( P l a s t i c i z e r )  

Run B 

5-6 

0.051 

0.15 

1.68 

l E ,  - * /  

80 

o .66 

26 

28 
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Table 16 

CURRENT COLLECTOR PRESSURE EFFECT ON ATTAINABLE CURRENT DENSITY 

Ce l l  Type: S t a t i c  
System: 

Tape: 
E l e c t r o l y t e :  2M A 1 C 1 3  
Cathode Concentrat ion:  0.0653 g/in.2 

P i c r i c  Acid (46.5 w t  $), a c e t y l e n e  b l a c k  (46.5 w t  $) 
PVP ( 5  w t  $), Dynel f i b e r  (1/4 i n . )  (2 w t  $) 

Dynel 3 m i l .  - Coating Thickness 0.022 i n .  ( S l u r r y  Cas t )  

Current  Dens i ty  Operat ing Voltage P r e s s u r e  Rgquired 
ma/in . v o l t s  l b / i n  . 

100 
250 
500 

1.1 
1 .o 
0.95 

2/3 
1.5 
3" 

* i n c r e a s i n g  p r e s s u r e  d i d  not  i n c r e a s e  v o l t a g e  f u r t h e r  

System- A C 1  85 (50 w t  $), a c e t y l e n e  b l a c k  (50 w t  $) 

Cathode Concentrat ion - 0.0501 g/in.2 
no b inde r  - m u l t i p l e  sp ray  technique  used.  

100 
250 

500 

1.98 
1.48 
1.66 
1.74" 
1 .oo 
1.12 
1. .20 
1.30 

2/3 
2/3 
2* 3 
2/3 
1 1/3 

3* 
2 
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I n  add i t ion ,  t h e  increas ing  tempo of t e s t i n g  and the  d e s i r e  to 
izeasure n1oi-e ol" the  parameters involved has added t o  t h e  burden 
on t h e  present  equipment. Accordingly, new f a c i l i t i e s  a r e  under 
cons t ruc t ion .  These w i l l  no t  only conta in  most o f  t h e  improvements 
determined above b u t  w i l l  a l s o  include a d d i t i o n a l  a s soc ia t ed  
measuring equipment. Among the  l a t t e r  w i l l  be cont inua l  read-out 
of c e l l  vol tage,  cur ren t ,  reference p o t e n t i a l s ,  t ape  speed, 
e l e c t r o l y t e  quant i ty ,  and s imi l a r  information. The u n i t  w i l l  a l s o  
be adaptab le  to manual or capsule e l e c t r o l y t e  feed.  

(b) Continue t e s t i n g  w i t h  improved equipment. Continued 
t e s t i n g  w i l l  be performed on improved tapes  as they  a r e  produced. 
O f  f o r e m o s t  importance i s  the attainment o f  f u l l  output  under dynamic 
condi t ions .  An inc rease  i n  t h e  use of capsule e l ec t ro ly t e - f eed  i s  
planned. ESrtensive t e s t i n g  of longer lengths  of tape  must  be made 
s i n c e  l i t t l e  i s  known a b o u t  t h e  t ime-ef fec ts  on t h e  design considera- 
t i o n s  discussed above. 

B. TAPE MANUFACTURING METHODS 

1. Background 

The e f f o r t  i n  t h i s  phase i s  concerned p r i m a r i l y  with the i n v e s t i g a t i o n  
o f  manufacturing methods f o r  dry t apes .  
ment program i s  not  requi red .  Rather our work m u s t  r e s u l t  i n  t he  
s e l e c t i o n  of a s u i t a b l e  method for producing d ry  t apes  and the 
a t ta inment  of s u f f i c i e n t  c a p a b i l i t y  t o  manufacture t h e  e l ec t rodes  
needed f o r  t h e  completion of the main phases of t h e  c o n t r a c t .  A 
p re l iminary  p i l o t  p l a n t  se t -up  is envisioned. 

A thorough process  develop- 

2 .  Methods Inves t iga t ed  

a .  Knife Cast ing 

Most of t h e  tapes  have been made using t h i s  method bo th  because o f  
t h e  s i m p l i c i t y  o f  t h e  process  and because of i t s  ready a d a p t i b i l i t y  
to a v a r i e t y  of t ape  compositions. However, s e v e r a l  l i m i t a t i o n s  
have become apparent .  The r e s e r v o i r  of s l u r r y  behind t h e  kn i f e  
edge i s  pu l l ed  over t h e  e n t i r e  tape length and an impregnation r a t h e r  
than  a s u r f a c e  coat ing tends to r e s u l t .  Consequently, t h i c k e r  base 
t apes  a r e  usua l ly  requi red  with t h i s  method. Casting a f u l l  coa t ing  
th ickness  a t  once p l aces  a grea t  s t r a i n  on t h e  drying process  during 
which some con t r ac t ion  occurs .  Organic so lven t s  d ry  r ap id ly ,  causing 
severe  cracking of t h e  sur face  coa t ing .  Water s o l u t i o n s  do not  crack 
b u t  t h e  f i n a l  t r a c e s  o f  moisture during t h e  longer drying per iod  appear 
t o  concent ra te  i n  a m u l t i t u d e  of small s p o t s  which r e s u l t  i n  an 
abundance of t i n y  mounds and an uneven su r face .  Temperature v a r i a t i o n s  
to speed up o r  s low down the  drying had l i t t l e  e f f e c t .  Nor d i d  p re -  
shr inking  (if any occurred) t he  base t apes .  Nevertheless,  t h e  kni fe  
method does g i v e  reasonably good c o n t r o l  over th ickness  of c a s t  t apes  
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and, when used i n  conjunct ion  wi th  Dynel f i be r s ,  ex t remely  rugged 
and s t u r d y  t apes  r e s u l t .  Accordingly, some attemDts w i l l  be made 
t o  compensate f o r  poor  c o a t i n g  s u r f a c e s  through i n c o r p o r a t i o n  of  
secondary t rea tments ,  p o s s i b l e  with Teflon r o l l e r s  whi le  t a p e s  
are  s t i l l  mois t .  

b .  Power Spraying 

The DeVilbiss  spray  gun used f o r  t h i s  work has two s e p a r a t e  feed 
sys tems.  The f i rs t  employs a n  a d j u s t a b l e  a i r - p r e s s u r e  ove r  t h e  
s l u r r y  material t o  be  sprayed,  f o r c i n g  i t  through t h e  e x i t  nozz le s  
a t  a c o n t r o l l e d  r a t e .  The second system, e q u a l l y  c o n t r o l l a b l e ,  
s u p p l i e s  o n l y  t h e  a i r  s t ream ( o r  a i r  of a t o m i z a t i o n )  on which the  
p a r t i c l e s  from the  s o l u t i o n  r e s e r v o i r  a re  c a r r i e d  to t h e  work. To 
permi t  e f f e c t i v e  usage of t h e  equipment, a r o t a t i n g  drum approximate ly  
15 i n .  i n  diameter  was a t t a c h e d  by p u l l e y  and d r i v e  b e l t  to a n  
ad jus tab le-speed  moto r .  Base t a p e  m a t e r i a l  was a t t a c h e d  t o  t h e  
circumference of t h e  drum, a l lowing  p roduc t ion  of cathode t a p e s  
approximate ly  1 f o o t  x 4 f e e t .  

Water and organic  s lu r r i e s  were used, t h e  water  based type  be ing  
e l imina ted  immediately due t o  s e v e r e  impregnat ion.  The o rgan ic  
s l u r r i e s ,  however, produced good q u a l i t y  t a p e s  from t h e  o u t s e t ,  The 
n a t u r a l l y  r a p i d  evapora t ion  of  t h e s e  s o l v e n t s  p l u s  t h e i r  breakdown 
i n t o  a f i n d  m i s t  by t h e  a tomiza t ion  a i r  r e s u l t e d  i n  aamost i n s t a n t  
d r y i n g .  Thus,  the  s o l v e n t s  s e r v e  e x c e l l e n t l y  as a c a r r i e r  medium t o  
t h e  gun e x i t  nozzle  b u t  t he  n e t  e f f e c t  from t h a t  p o i n t  i s  v i r t u a l l y  
a spraying  o f  s o l i d  matter. Ba re ly  s u f f i c i e n t  mois ture  remains t o  
promote adhesion t o  t h e  t a p e  m a t e r i a l  and t h e  t a p e s  a r e  t o t a l l y  d r y  
w i t h i n  1-3 seconds,  These ve ry  same f a c t o r s  permit  l a y e r  t o  be 
sprayed upon l aye r  as t h e  d rum r o t a t e s ,  s i n c e  over  95% of t h e  
evapora t ion  has taken  p l a c e  be fo re  t h e  t a p e  i s  c o a t e d .  A secondary 
b e n e f i t  i s  r e a l i z e d  i n  t h a t  t h e  added m a t e r i a l  i s  a t r u e  s u r f a c e  
c o a t i n g  making p o s s i b l e  t he  use of t h i n n e r  base  m a t e r i a l s .  

Tapes prepared  b y  t h e  spray method a r e  more f r a g i l e  t han  many of 
t h o s e  c a s t  w i t h  a Gardner kn i f e ,  p a r t i c u l a r l y  when Dynel f i b e r s  a r e  
used.  Never the less ,  f l e x i b i l i t y  i s  e x c e l l e n t  and t h e y  a r e  
s u f f i c i e n t l y  durable  t o  a l low winding on a r e e l ,  unwinding, d i scha rge ,  
and rewinding w i t h o u t  v i s i b l e  m a t e r i a l  loss. Care must  be used when 
s l i t t i n g  t o  proper  w i d t h .  Su r faces  are  q u i t e  smooth which c i rcumrents  
some o f  t h e  design problems d i scussed  e a r l i e r .  A major problem a r e a  
i s  a n  occas iona l  uneven s l u r r y  flow which causes  t h i c k n e s s  v a r i a t i o n s  
(+0.001 i n .  t o  +0.002 i n . ) .  Some c o r r o s i o n  of passage  ways i s  ev iden t  
d e s p i t e  t h e  purchase of s t a i n l e s s  s t e e l  p a r t s  f o r  a l l  v i t a l  a r e a s .  
To c o r r e c t  bo th  t h e s e  d i f f i c u l t i e s  and to permi t  use of t h e  gun wi th  
a l l  of t h e  cathode materials l i k e l y  t o  be i n v e s t i g a t e d ,  Tef lon  pa r t s  
a r e  be ing  s u b s t i t u t e d  f o r  a l l  s l u r r y  c a r r y i n g  passageways.  



3 .  Future  Plans (Tape Manufacturing Methods) 

( a )  Improve present  methods. I n  a d d i t i o n  to improvements on 
the spray  gun i t s e l f ,  s t e p s  a r e  being taken to enlarge  s l u r r y  
r e s e r v o i r  capac i ty  f o r  extended spraying times. This w i l l  allow 
g r e a t e r  coat ing thicknesses  and t h e  product ion of longer tapes .  
Since t h e  method p r e s e n t l y  used r equ i r e s  repeated exposure of 
t ape  su r faces  t o  the spray  stream, a process  t o  provide t h i s  f o r  
longer tape  lengths  must  be developed. Also, c l o s e r  c o n t r o l  over 
the mass of ma te r i a l  expel led per  u n i t  time must  be maintained t o  
achieve b e t t e r  coat ing thickness  to l e rances .  

The v e r s a t i l e  kn i f e  c a s t i n g  methods cannot ye t  be abandoned. Sub- 
sequent processes  w i l l  be added to achieve b e t t e r  con t ro l  over 
s u r f a c e  cond i t ions .  
d i f f e r e n t  s t a g e s  during the drying process .  

( b )  Evaluate ex t rus ion  coating. A p o s s i b l e  tape  coat ing 
technique which r e t a i n s  most of t h e  advantages of t h e  kn i f e  method 
i s  an ex t rus ion  process .  A s  with the  Gardner kni fe ,  subsequent 
s u r f a c e  condi t ioners  a r e  envisioned although mul t ip le  t h i n  l aye r  
ex t rus ion  appears p o s s i b l e  without a d d i t i o n a l  c o n t r o l s .  Thickness 
c o n t r o l  s h o u l d  be s impl i f i ed  and, i f  necessary,  f i b e r s  can be 
incorporated i n t o  t h e  cathode mix ( d o u b t f u l  with sp ray ing ) .  Much 
of  t he  ex t rus ion  experience a v a i l a b l e  a t  Monsanto Company's Spring- 
f i e l d  l o c a t i o n  w i l l  be u t i l i z e d  i n  our  i n i t i a l  e f f o r t s  i n  t h i s  a r e a .  

I n i t i a l  t r i a l s  w i l l  u s e  Teflon r o l l s  appl ied a t  

57 



Iv. PHASE 3 - CONVERSION DEVICE DEVELOPMENT 

A .  TAPE DRIVE MECHANISM 

1, Objec t ives  

The major o b j e c t i v e s  du r ing  t h i s  development phase were: 

a .  To assemble a " f i r s t  gene ra t ion"  p o r t a b l e  t a p e  t r a n s p o r t  
dev ice .  

b .  To i n v e s t i g a t e  " s t a r t "  devices ,  b o t h  mechanical and e l e c -  
t r i c a l ,  f o r  t a p e  t r a n s p o r t  fo l lowing  a shutdown p e r i o d  of 
t he  device .  

c .  To cont inue  t o  i n v e s t i g a t e  sou rces  for s u i t a b l e ,  e f f i c i e n t ,  
commercially a v a i l a b l e  motors - permanent magnet s h u n t  and 
incremental  s t e p p i n g  motors .  

d .  To i n v e s t i g a t e  m a t e r i a l s  of c o n s t r u c t i o n  - meta l s  and p l a s -  
t i c s  - a s  p a r t  of t h e  weight o p t i m i z a t i o n  o b j e c t i v e .  

2 .  P o r t a b l e  Tape Transpor t  Device 

Analys is  o f  ou r  requirements  f o r  t a p e  t r a n s p o r t  and comparison w i t h  
t h e  f e a t u r e s  found i n  commercial magnetic t ape  r e c o r d e r s  l e d  t o  t h e  
procurement of a n  inexpens ive  commercial r e c o r d e r .  
and adap t ing  components, a p o r t a b l e  p ro to type  u n i t  was assembled com- 
p l e t e  w i t h  dummy t ape  and e l e c t r o l y t e  p a c k e t s .  The device  was ope ra t ed  
w i t h  an e x t e r n a l  dc power sou rce  a p p l i e d  t o  a small de permanent magnet 
motor .  Motion occurred; t a p e  was t r a n s p o r t e d  from one r e e l  t o  a take-up 
r e e l  v i a  a r o t a t i n g  caps t an ;  e l e c t r o l y t e  packe t s  were punctured ,  con- 
t e n t s  r e l e a s e d ,  and the dummy t a p e  e f f i c i e n t l y  wet ted.  

Cannabal iz ing  

Np a t t e m p t s  were made t o  g e n e r a t e  power. 
demonst ra t ions  was t o  observe t h e  mechanical r e l a t i o n s h i p s  of  t h i s  
s p e c i f i c  " f i rs t  genera t ion"  p ro to type  and t o  e s t ab l i sh  the  fo l lowing  
des ign  concepts  f o r  f u t u r e  opt imized d e v i c e s .  

The s o l e  purpose of these 

a .  Tape t ens ion ing  dev ices  

b .  Tape d r i v e  c a p s t a n s  - f r i c t i o n  o r  p o s i t i v e  d r i v e .  

e .  Phys ica l  s i z e  r equ i r emen t s .  

d .  Optimum arrangement of components. 

e .  Tape guidance.  

I f .  Tape s t o r a g e .  
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N o  a d d i t i o n a l  demonstrations a r e  contemplated f o r  t h i s  o r i g i n a l  pro to-  
t ype .  N e w  prototypes w i l l  be assembled, w i th in  the framework of t h e  
remaining p r o j e c t  t i m e  schedule,  incorpora t ing  the  improvements t h a t  
have been made i n  component t e s t i n g .  

3 .  S t a r t  Systems and Devices 

a .  Background 

The t ape  t r a n s p o r t  device must be capable of p a r a s i t i c  opera t ion .  T h i s  
i s  achievable  only during the dynamic mode of opera t ion .  Activated i n -  
g r e d i e n t s  a r e  then continuously t ranspor ted  i n t o  t h e  cu r ren t  c o l l e c t o r s .  
E l e c t r i c a l  power i s  continuously developed t o  s u s t a i n  the d r iv ing  motor 
and any e x t e r n a l  e l e c t r i c a l  l o a d .  Following a shutdown period,  how- 
ever,  no a c t i v e  ing red ien t s  are ava i l ab le  a t  t h e  c o l l e c t o r  su r faces ,  
and, un le s s  otherwise provided f o r ,  no power is  a v a i l a b l e  t o  s t a r t  the  
tape d r i v e  aga in .  Thus, a supplementary energy system m u s t  be a v a i l a b l e  
t o  permit p u l l i n g  a sho r t  s e c t i o n  o f  "fresh" tape i n t o  t h e  c o l l e c t o r  
a r e a .  A t  t h i s  po in t ,  a p o r t i o n  of the  t ape  output  can aga in  be de l ive red  

~f s t a r t - s t o p  opera t ian ,  as  required by the  mission, will d i c t a t e  t h e  
type of supplementary system t o  be used. 

c- ,,u cL.,rr ,,llG dr iv ing  X G ~ G T  t~ perpetiiate the tape t r a n s p a r t .  Thz f requency 

b .  Methods f o r  S t a r t i n g  Tape B a t t e r y  

T h r e e  methods have been considered f o r  t h i s  func t ion :  

(1) Rechargeable nickel-cadmium b a t t e r y  package w i t h  charging 
system. 

( 2 )  Primary s i l v e r  oxide b a t t e r y  package w i t h  no charging 
system. 

( 3 )  An all-mechanical, s p i r a l  sp r ing  motor  w i t h  spur  gears ,  
one-way c lu tches ,  and s l i p  c lu t ches  dr iven  by t h e  shunt 
motor, which concurrent ly  d r i v e s  the tape  caps tan .  

The weight of each of t hese  systems i s  a s  f o l l o w s :  

Four Eveready N 2 4  N i - C d  b a t t e r y  w i t h  
charger  

Weight, grams 

1 2  + 40 = 60 
Four Eveready S76E s i l v e r  oxide b a t t e r i e s ,  

no charger 10 + 0 = 10 
Mechanical system of magnesium a l l o y  200 

Each system under breadboard test condi t ions  repea ted ly  performed t h e  
" s t a r t "  func t ion .  Each i s  r e l i a b l e  w i t h i n  i t s  s p e c i f i c  sphere of 
a p p l i c a t i o n .  O f  the  three ,  t h e  mechanical system i s  t h e  b e s t  f o r  long 
mission r e l i a b i l i t y  b u t  has an a t t endan t  weight pena l ty .  
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The f o u r  Eveready s 7 6 ~  s i l v e r  oxide ba t t e r i e s  i n  s e r i e s - p a r a l l e l  con- 
nec t ion ,  produced t h e  e q u i v a l e n t  of 60 "starts" of 5 minutes  d u r a t i o n  
p e r  s t a r t  i n  a twenty-hour p e r i o d .  Following each  5-minute s t a r t  
cyc le ,  t h e r e  was a 15-minute r e s t  p e r i o d .  Under t h e s e  c o n d i t i o n s ,  
t h i s  small, 10-gram package produced approximate ly  0.260 wat t -hour  
of e l e c t r i c a l  power. 

I n  a d d i t i o n ,  t h e  pr imary b a t t e r y  system i s  t h e  most e f f i c i e n t  of t h e  
three f o r  t h e  fol lowing reasons :  

( a )  No p a r a s i t i c  power i s  r e q u i r e d  t o  charge  and t h e n  con t inuous ly  
" t r i c k l e  charge" t h e  b a t t e r y  as i s  t h e  c a s e  w i t h  r echa rgeab le  
b a t t e r i e s .  

( b )  The a l l -mechanica l  system, because of i t s  s p u r  g e a r i n g  a r r ange -  
ment and s l i d i n g  c l u t c h e s ,  i s  probably  l e a s t  e f f i c i e n t .  Con- 
sequent ly ,  g r e a t e r  amounts of p a r a s i t i c  power would be 
r e q u i r e d  for t h e  shunt  motor t o  overcome these f r i c t i o n s  wh i l e  
s t o r i n g  energy i n  t h e  s p i r a l  s p r i n g .  

The expected s h e l f  l i f e  o f  t h e s e  smal l  pr imary b a t t e r i e s ,  a t  ambient 
cond i t ions ,  i s  of t h e  o r d e r  of three t o  f o u r  y e a r s .  

For  t h e s e  reasons ,  t h e  pr imary b a t t e r y  package f o r  s t a r t i n g  t h e  t ape  
t r a n s p o r t  device  must be cons ide red  f o r  t h e  s h o r t  m i s s i o n .  

4 .  Motors 

The e f f i c i e n c i e s  of two t ape  d r i v e n  systems were measured us ing  t h e  
same de permanent magnet motor i n  b o t h  systems.  

The f i rs t  system f e a t u r e d  a spur  g e a r  t r a i n  (Zero-Max a d a p t a t i o n  des-  
c r i b e d  i n  e a r l i e r  r e p o r t s )  f o r  vary ing  t h e  l i n e a r  speed o f  t a p e .  The 
second used a r h e o s t a t  i n  se r ies  connec t ion  w i t h  t h e  armature for 
vary ing  t h e  rpm of t he  motor s h a f t  and i t s  d i r e c t l y  coupled c a p s t a n .  
Following a re  the  e f f i c i e n c i e s :  

Mechanical l i n e a r  speed changer:  4.2% 
R e s i s t i v e  l i n e a r  speed changer:  6.5% 

These low e f f i c i e n c i e s  a r e  p r i n c i p a l l y  due t o  t h e  low e f f i c i e n c i e s  of  
t h e  commercially a v a i l a b l e  de permanent magnet g e a r  motors i n  t h e  
low nominal vo l t age  range ( 3  t o  4 v )  and speeds (1/10 rpm) of i n t e r e s t  
t o  u s .  

A c o n t i n u i n g  e f f o r t  i s  be ing  made t o  p rocure  commercial motors t h a t  
have h ighe r  e f f i c i e n c i e s  i n  t h e  to rque  and speed ranges  common t o  our 
t r a n s p o r t  dev ice .  T h i s  w i l l  r e s u l t  i n  h ighe r  o v e r a l l  e f f i c i e n c i e s  
f o r  our  d e v i c e  i r r e s p e c t i v e  of t h e  method f o r  l i n e a r  speed c o n t r o l  - 
g e a r  and l i n k a g e  system o r  r e s i s t i v e  c o n t r o l .  
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The fol lowina i s  a weight t abu la t ion  of t h e  two e x i s t i n g  devices f o r  
l i n e a r  spee d-control : 

Overall  Weight i n  
Ef f i c i ency  Grams 

Mechanical System 4.2% 
Rheostat  Control  System 6.5% 

150 
30 

I n  t h e s e  small  permanent magnet gear motors, t h e  speed reduct ion  
r a t i o s  a r e  of t h e  order  of 5000 t o  1. With t h i s  amount of reduct ion ,  
gear  box e f f i c i e n c y  runs about 55% r e s u l t i n g  i n  the  low o v e r a l l  e f -  
f i c i e n c i e s  noted above, 

It i s  l o g i c a l  t h a t  t o  a t t a i n  highest  gear  motor e f f i c i e n c y  a t  low rpm, 
t h e  gear  box should be el iminated.  T h i s  i s  c u r r e n t l y  being done w i t h  
so-ca l led  "s tepping  motors"  or "steppers" .  This type o f  motor d r ives  
a mechanical load i n  a s e r i e s  of s h o r t  s t e p s .  

There a r e  many types of steppir?g moto r s  b u t  gene ra l ly  t h e  ~ n e s  i n v e s t i -  
ga ted  a r e  a l l  e l e c t r i c a l l y  powered by dc pu l ses  from a p u l s e r  t h a t  
v a r i e s  t h e  frequency of pu lses  and thus  speeds up or s lows  down the 
incremental  r o t a t i o n  of t h e  s h a f t  more e f f i c i e n t l y  than by r e s i s t i v e  
con t ro l  of a dc shunt motor. Present s t a t e - o f - t h e - a r t  p u l s e r s  (some- 
times c a l l e d  c o n t r o l l e r s )  a r e  composed of p r i n t e d  c i r c u i t  and s o l i d  s ta te  
e l e c t r o n i c  devices.  

T h i s  type  o f  motor system i s  cu r ren t ly  being inves t iga t ed  f o r  poss ib l e  
a p p l i c a t i o n  t o  t h e  tape t ranspor t  development. Two manufacturers whose 
products  look  promising a r e :  

(1) IMC Magnetics Corp. , Maywood, Ca l i fo rn ia  

( 2 )  Sigma Instruments,  Inc ., Bra in t r ee ,  Mass. 

A s  we discovered, s tepping motors a r e  not t he  panacea one would expect 
from a s u p e r f i c i a l  examination of t h e i r  m e r i t s .  

Following a r e  some of t h e  problem a r e a s  a t t endan t  w i th  t h e i r  u s e  i n  
our app l i ca t ion :  

( a )  To obta in  o u r  torque and speed requirement of 50 oz-in.  a t  
0.1 rpm, we would r equ i r e  an e x t e r n a l  gear  t r a i n  i n  combina- 
t i o n  w i t h  t he  m o t o r .  T h i s  gear  t r a i n ,  because of  i t s  
ine f f i c i ency ,  p a r t l y  o f f s e t s  t he  advantage o f  t h i s  motor. 

( b )  The commercial p u l s e r  i s  heavier  a s  a package than a commer- 
c i a l  dc permanent magnetic motor w i t h  r h e o s t a t ;  12 oz vs  4 1/2 
02, r e spec t ive ly .  
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( c )  Tape r e e l  i n e r t i a  (fly-wheel e f f e c t )  could be troublesome. 
A s tepping motor  r e a c t s  t o  a command p u l s e  frequency. It m u s t  
i n  a small increment of time (mi l l i s econds )  a c c e l e r a t e  and de- 
c e l e r a t e  the load .  Depending upon p u l s e  frequency and t ape  
r e e l  i n e r t i a ,  t h e  motor may s t a l l ,  t he  tape  may break, o r  t h e  
tape r e e l  may over - t rave l  and unravel t o  an undesirable  degree.  

The s tepping  motor  i s  n o t  a s  d i r e c t l y  a p p l i c a b l e  t o  our device a s  a r e  
commercially ava i l ab le  dc permanent magnet motors. A custom engineer ing 
adapta t ion  of both motor and con t ro l  system i s  i m p l i c i t  even wi th  t h e  
so -ca l l ed  commercial s t e p p e r s .  

5. Future Plans (Tape Drive Mechanism) 

( a )  Continue i n v e s t i g a t i o n  of s tepping  moto r s  before  f r e e z i n g  
a f i n a l  design. 

( b )  B u i l d  por tab le  tape t r a n s p o r t  u n i t  using a s  s t a r t i n g  
energy sources:  

1) primary b a t t e r y  
secondary b a t t e r y  
mechanical device 

B .  MATERIAL INVESTIGATION 

1. S t r u c t u r a l  Metals 

Mater ia l s  inves t iga ted  included most s t r u c t u r a l  metals and some p l a s t i c s .  
I f  t h i s  device i s  t c >  have some space impl ica t ions  and app l i ca t ions ,  we 
can narrow down the  f i e l d  t o  a few. These would be :  

a )  Aluminum 
Magnesium 
S t a i n l e s s  s t e e l  
Low carbon a l l o y  s t e e l  

Table 17 compares t h e  s t r e n g t h  t o  s t i f f n e s s  of  these  metals ,  a s  a l l o y s .  

Table 17 

RELATIVE COMPARISON OF VARIO'LS SHEET MATERIALS AT EQUAL 
BENDING STRENGTY AND EQUAL STIFFhESS AT ROOM TEMPERATURE 

Thick- 
Comparison A l l o y  No.  Mater ia l  ness  

Equal AZ31B-H24 magnesium 1.00 
Bending 6 0 6 ~ ~ 6  aluminum 0.87 
S t r eng th  5083-H113 aluminum 0.92 

s t e e l  0.85 
Equal AZ31B-H24 magnesium 1 .OO 
S t i f f n e s s  6 0 6 ~ ~ 6  a1  uminum 0.87 

5083-Hl13 aluminum 0.86 

P l a s t i c  ( g l a s s  laminate)  
SAE 1025 s t e e l  0.60 

Bending 
S t r eng th  

1 .oo 
1.00 
1.00 
1.00 
1.00 
1.02 
0.87 
0.50 

S t i f f -  
ness 

1 .oo 
1 .oo 
1 . 2 3  
2 -77 
1.00 
1.00 
1.00 
1.00 
1.00 

Weight 

1 .oo 
1.33 
1.38 
3 *77 
1 .oo 
1.33 
1 .29  
2.66 
3 02 
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It can be seen from the  t abu la t ion  t h a t  magnesium a l l o y  i s  a s t r u c t u r a l  
ma te r i a l  of g r e a t  mer i t  for l ightweight  devices .  

Aluminum is supe r io r  t o  magnesium i n  i t s  p o s i t i o n  i n  the  galvanic  s e r i e s  
and a l s o  i n  fo rmab i l i t y .  Aluminum would be a l o g i c a l  choice i f  weight 
were no t  t h e  prime cons idera t ion .  

Appreciable s t a i n l e s s  s t e e l  w i l l  not  be used  i n  t h i s  development because 
of  t h e  weight pena l ty .  

We a r e  cognizant o f  t h e  p o t e n t i a l  cor ros ion  problems a t t endan t  w i t h  
magnesium, b u t  Dow Metal Products Company has given u s  some recommenda- 
t i o n s  and d i r e c t i o n  i n  t h i s  mat ter  and we a r e  hopeful t h a t  these  w i l l  
prove h e l p f u l  i n  avoiding o r  mi t iga t ing  t h e  p o t e n t i a l  cor ros ion  problems. 
Some of t hese  p r o t e c t i o n  methods a r e :  

( a )  Coating magnesium w i t h  a c l e a r  v i n y l  f i l m .  

(h) c o a t i n g  w i t h  whi te  titZEiQ!! oxide as manufactured h T 7  Y J  

Sherwin Williams 

( c )  Anodizing t o  provide a coa t ing  of the  o rde r  of 0.0001 i n .  
t h i c k  a s  performed by two companies i n  Connect icut .  

Some magnesium a l l o y  shee t  (AZ31B-24) has been purchased and a small  
prototype chass i s  and tape  r e e l  conf igura t ions  assembled. I n  combination 
w i t h  the magnesium a l loy ,  w e  employed polys tyrene  foams f o r  a d d i t i o n a l  
s t i f f n e s s ,  s t r eng th ,  and weight reduct ion .  These two m a t e r i a l s  w i l l  
appear i n  q u a n t i t y  i n  t h e  f i n a l ,  optimized device.  

2 .  Future Plans (Mater ia l  Inves t iga t ion )  

Since the  cons t ruc t ion  m a t e r i a l s  have been se l ec t ed ,  no f u r t h e r  work 
i s  planned f o r  t h i s  s e c t i o n .  
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APPENDIX 

T a b l e  A - 1 .  B i n d e r s ,  Tapes ,  and F i b r o u s  F i l l e r s  u s e d  for Dry Tape 
I -  F a b r i c a t i o n  

T a b l e  A-2. Tape F o r m u l a t i o n s  and S t a t i c  C e l l  C h a r a c t e r i s t i c s  of 
Mg/Nitro Compound 

T a b l e  A-3.  P h y s i c a l  Data on C a p s u l e s  P r e p a r e d  for P e r m e a b i l i t y  
T e s t s  



D e s i g n a t i o n  

PVP NP-K30 
G e l v a t o l  20-60 
G o n t r e z  A N - 1 3 9  

Me thoce l  HG 
Cyanamer P-26 
Cyanamer P-26 

T a b l e  A - 1  

BINDERS, TAPES, AND FIBROUS FILLERS 
USED FOR DRY TAPE FABRICATION 

Dynel  
1/4 - 1/8 i n .  
3 d e n i e r  

Dynel  

P e l l o n  

Component 

W a t e r - S o l u b l e  B i n d e r s  

P o l y v i n y l p y r r o l i d o n e  
P o l y v i n y l  a l c o h o l  
Methyl  v i n y l  e the r -  

maleic a n h y d r i d e  
copolymer  

Hydroxymethyl  c e l l u l o s e  
Po 1 y ac r y  1 amide 
A c r y l a m i d e - a c r y l i c  a c i d  

copolymer  

R e i n f o r c i n g  F i b e r s  

A c r y l o n i t r i l e - v i n y l  
c h l o r i d e  copolymer  

Tapes  

A c r y l o n i t r i l e - v i n y l  
c h l o r i d e  copolymer  
(3 m i l )  

P o l y p r o p y l e n e  ( 3  m i l  ) 
Nylon (3 m i l )  

C o n d u c t i n g  S u b s t r a t e s  

A c e t y l e n e  b l a c k  
(5@ and 190% 
compre s s i o n  ) 

O r g a n i c  D e p o l a r i z e r s  

P i c r i c  a c i d  
0-DNB 

S o u r c e  

General A n i l i n e  & Film 
Shawin igan  R e s i n  Corp .  
G e n e r a 1 , A n i l i n e  & F i l m  

Dow 
American Cyanamide 
American Cyanamide 

M i c r o f i b e r ,  I n c .  

K e n d a l l  Corp .  

K e n d a l l  Corp. 
P e l l o n  Corp .  

Shawin igan  R e s i n  Corp .  

Eastman O r g a n i c  
K&H L a b o r a t o r i e s  

m-DNB F i s h e r  S c i e n t i f i c  
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